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STRENGTH AND WEAR OF RAIl 

AND 

THEIR INFLUENCE ON THE SELECTION Of 1 ] 
THE MOST ECONOMICAL SECTION* 

BY 

A LEX A NDER FORD YCE HAR VE \\ M.I.E. t//i|j 
Fellow of Cooper's Hill . 


1. INTKOIH <TloN. 

1. \Vlit*ii dealing with proposals for renewals of rails inti 
Dark, I wo < jut's I ions liavt* to Im* considered, viz-. „ whether tj 
existing rails require renewal and what would Im* the m<ij 
economical sort ion to nse for renewal. The latter question husJ 
be qo liable red also when tin* selection of th<* sect ion of rail tojl 
used In a new line of railway is under consideration, J 

w. No attempt* a open vn o have been made in the past tofSi 
any limiting strengths for old worn rails,’* alt hough the itijS 
suitable sections of new rails, for various maximum axle- low 
have, been prescribed from time to time. The selection of these 
suitable" sections has been based on the results of < xperienee and 
of observation of the behaviour of rails in the track: that is to s*i\\ 
on practice and not on theory. Derisions, as to whether existing 
* rails require renewal, have also hem based usually on rough i;uij- 
ning and diflicuify in good maintenance, due either to the age of 
the rails or to the use of heavier axle-loads. 

*>. Although, therefore, it has been accepted generally that 
new mils of certain minimum sections slum hi be* used for certain 
muxinmih axle- loads, im definite or uniform ideas or orders have 
existed as to when those rails should be considered to be unfit for 
further service in the main line. As a result of this state of affairs, 
jfUe “minimum weight of rail per yard,’* prescribed by the Uatjr 
way Board for eat li axle load* in the “Schedule of Maximnm f 
AJituuimu and R«*coihiuended Dimensions for Indian RaflW&ya* 
is hot the minimum ” in the correct sense of the word. It d^s 
ljot ihew that, when u mil is wow dowp the least fraction beto s 




h( * ™*H>Wed m lilt- interests?.^ 
™||^bu£. dffeat, ' when now mils are to be laid in tl*fe¥? 
$3Sfy : £k, uot&e below a. certain weight, which includes 
!^iip|le uibegiil fdr permissible wear before the rails will need to be 
■’■jtoliewrd again. Thai ilem in the “Schedule, of I >imcnsi<>ns 44 is, 

" there foJ'c. a “ recommended" rallier llum a “ minimum 14 dimension 


and a more definite shin 
is -clesi rabie. 


limit of strength of worn rs 


4 , •unsidering the second question. regarding the most 
economical sort inn to use for renewal, it will be admitted lint I lie 
| n nimble life of the new' rail is the moat important factor that will 
help ill determining the most eeonomieal section. As I he probable 
M'tV will depend childly on tJm rate of wear and as the rale of wear 
depends, under ordinary eondil ions on a stiaighi road and ignoring 
any question of the quality or hardness of the steel, on the gross 
tie nage per annum Ilia I is earned h\ flic track, il is evident lint 
th ‘ probable life of any section of rail will depend on the \olmne 
of t raftic earned by the railway, in which it is m he laid, and will 
p/q be as much on a main line as on an unimportant branch line. 
Toe probable life will also depend on ihe penni*.* ihlc limii of v *a •• 
before the rail must be renewed; that is to sa\. if ih<* probable 
aiMmal rate of wear is 0 2 lbs. per yd., the probable life will 
be determined b\ tin* number of lbs. pel van! that nu\ be worn 
awav Indore renewal becomes iiecessan. 

t 

o. The solutions of both the questions, rehrred io in pari 1. 
will depend, as lias been shown, on the limit id strength of worn 
rails and there have been in the past no niles or d\’a available lo 
fix that limit. The writer has, therefore, attempted in make use 
of sueh other data, as he has found available, in in\ cst iga ting tin* 
problem .wit li a view to arming at a practical solution. The first 
tacd, flint was brought to notice, was that old type 7.~> lbs. D.Ii. 
rails, which proved to be no longer (it for use in the main line 
under 17 ton engine axle- loads at unrestricted speeds, were found 
to base been worn down to an average weight of about 72‘7<> lbs. 
per yard, with a resulting average '‘section modulus” of about 
7*0. The conclusion arrived at was that tin* maximum driving- 
wdiee! axle load in tons, which a rail could idlicienllv carry ad 
unrestricted speeds, was about 2' 2o times llieseclimi modulus of 
the rail -section, which agrees more or less with tin* tabulated 
statement, of worn rails, showing then moments of resistance and 
maximum axle-loads carried, to be found in ’the I'hapter on 
“ Permanent Way 44 in “ Light Kailway ronstructioii, ” by K. M, 
Parkinson, 

li. It was necessary to confirm this “empirical conclusion 
,^b3 r fct theory 1 * and. the track had lo be considered for this purpose 
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both as a rigid structure, when the sleepers arc laid direct on,, 
ool girders, and a J so as an elastic structure. when the track- to 
supported on an ample depth of good well parked ballast. 
stillness of rails, weighing (JO lbs. per yard and over, is ample* if 
l heir strength is sitllirienr, and as it is these heavier rails, which 
are used on lines with fast, heavy t rathe requiring ample stiffpess 
of track, the question of stiffness iias been ignored in the investF 
gallons, the lesoll* ol which are embodied in this paper. D is true 
lhat the stiffness of rails. lighter than (JO ll>s. ]>er yard, falls away 
lapidh, compared with ( Jie st rojigt h, as the weight per yard is 
reduced. These lighter rails, however, are not likely to ho used 

except mi Mel re Oaiige <»r Narrow < hinge lines, on which the 

maximum miming speeds <0 Mains are* not likely to bo as high as 

l»0 miles pel’ Imm* In Lid the lighter the rail, t lie lower 

proha hie maximum i mining* speed will he on (lie line, on which it 
L likely to he used, ami it may safely be assumed that the 
maximum speed on mein* gauge railways will not exet cd 10 miles 
per Imm* and that on narrow gauge railways it will he as low as 
:‘o, hi c\ fit 1*0. miles per hour. For this leason, ii is considered 
that m ill ness in rails, lighter than 00 Ihs. per yaid, is noi <>l tin* 
same impoitanceas foi the heavici si d ions of tail and that the 
inaximuin pet lnissitdc axle loads may he taken as '1 J times the 
section modulus lot these lighter rails also 


II. LIMIT nr ST!ii:\<iTH. 

I. In considering the maximum strain, which a rail may Ik 1 
subjected to by a <-*rlain driving wheel axle load at unrestricted 
speeds, allow nine must he made for the following factors ill 
nthiiiion to half The dead weight oj Ihenxle load : 

(ui rifeet <U (.scillatiou and eoncussion, w lib h momentarily 
thiows more than halt the axle load on to each wheel. 

\b) Hammer action of couuterweighl s on the dri\ ing w heels, 
which are usually those* having the maximum axle load. 

(c> Impact. due to sudden application of the moving load. 

The worsi effect, on ihe rail oeeurs when (a\ {()) and (c) happen 
to coincide and this maximum Hied must he considered. when 
considering the minimum strength of rail, that may be used under 
any given axle-load, treating the track as a rigid structure when 
t fie sleepers are laid direct on steel girders. 

2. The absolute value or a fa (tor that will cover <«) is 
impossible to calculate but Tran twine, under Friction, ” gives the 
results of an experiment made by Wellington, with loaded freight 
ears at. speeds varying from 0 to dr» miles per hour, ro arrive at the 
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valuer of car resistance at various speeds. In the results obtained 
tile resistances, due to (1) axle, tyre aim flange, (2) oscillation ami 
concussion ami *(#) air resistance, were separated. According to 
Trautwine also, the coefficient^ of friction is independent of the 
area of surface in contact aud io the cast 1 of kinetic friction the 
coefficient is independent of t lie velocity. In other words the fric- 
tional resistance depends solely on the total pressure 1 or weight at 
all velocities. The results of Wellington's experiment proved that 
the resistance due to (2) was negligible at 10 miles per hour hut at 
dO miles per hour (2) was approximately equaly to (1) and at 
20 miles per hour it was about half what it was at 30 miles per 
hour. As d0 miles per hour is about the maximum speed for M. 
trains, and the minimum «pecd for R. <1. mail trains, that is a 
suitable speed to consider in connection with strength ot rails 
on 1). (t. and \1 . (1. main lines, for unrestricted speeds. The 
increased resistance due to oscillation ami concussion is partly dm* 
to increased weight thrown on to the bearing surface, resulting in 
increased triction, ami partly dm* to the resulting increase of wave 
motion in the track, which compels the wheels to continually climb 
up a grade on ro the higher portion of the rail head. It is 
impossible to separate these two portions of the increased 
resistance accurately but they may roughly be taken as one third 
due to extra weight thrown ondlie hearings and two thirds due to 
wave motion. We may, therefore, take the maximum additional 
pressure on the rail, due to oscillation and concussion at un- 
restricted speeds, at one third the static wheel-load. 

3. The absolute value of (/>) is also difficult to calculate but it 
is tar from negligible. It has been found b\ experiment that, if the 
driving-wheels are balanced so as to counteract horizontally the 
full weight of the reciprocating parts, the effect on the pressure 
between wheel ami rail is so great as to cause tin* driving-wheels to 
leave the rail at high speeds, when (he counterweights are up, and 
to progress in a series of bounds. A fully horizontally balanced 
driving-wheel, therefore, produces an effect on the rail equal at 
least to the static wheel-load. If the driving wheels are fullv 
balanced vertically on the other hand, so that the rail barely 
suffers at all, tin 1 vibrations in tin* locomotive frame and body are 
excessive. In counterbalancing driving -wheels, therefore, the 
golden mean is aimed at but even that gives a great momentary 
excess, ov*!r the static wheel-load, of the pressure on the rail, which 
may be taken as about a third of l lie static wheel-load for a well- 
balanced locomotive. 

4. To allow for (c), if the static weight on a wheel is suddenly 
applied to a short span of about 2 ft. of rail, the impact factor, by 
which it must be multiplied in order to obtain the necessary addi- 
tional allowance for impact, is about 1*33 according to the latest 
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Bridge Rules. This would, however, give a total load of more thab 
double the static, load but , as hammer action of counterweights 
and lurching of the locomotive have been allowed" for separately* 
the allowance for impact may he (^kca as only double the static 
load, which is the theoretical maximum for a load suddenly applied. 
Tile total maximum load, which a rail has to carry, is therefore 


W; (•:{:{ + :t:i + 2) 

«s ^ * 2'fiti, where A - the maximum axle-load. 


5. Taking the most favourable conditions, under which a rail 
may he called upon to hear this load, so as to allow’ for any 
tendency in paras 2, Jl, and 1 to overestimate the value of the total 
load, we may consider tin* rail its it girder, fixed at both ends anti 
supported on full width sleepers, so well tilted on the girders that 
they do not sink or tilt. Considering the cast* of it liar-footed rail 
resting on a sleeper 111" wide, its tin* maximum permissible spacing 
of sleepers on girders in the case of Broad linage track is 2' (>" 
centres, the effective spun of rail may In* taken its 2fiti(>", i. e. 
one third of the widths of t lie hearings plus the clear span, as is 
done in the case of girders with ordinary fixed hearing [dates. In 

W /, 

such a case iVl , where M moment of resistance in 

inch tons and effective span in inches 


or III x X 


A 


2 <i(> x 


2(iti(i 


or A = X 


10x2x8 
2 Idi X 2()-(i(i 


2 25 X approximately. 


Where X is the minimum section modulus of a rail to carry an 
axle load of A tons, and 10 tons per stp inch is the maximum 
permissible working stress in the steel. 

The limit of safety, therefore, appears to he when the section 
modulus of the mil is equal to four-ninths of the driving-wheel, 
axle-load, or eight ninths of the wheel load in tons, which agrees 
with the empirical conclusion, referred to in para. , r > of Chapter 1. 

<>. This result has also been verified for track treated as an 
elastic structure, as detailed in the following paras., on the lines 
of the investigations carried out and results obtained in*Ameriea, 1 
vide Proceedings of the American Society of Civil Engineers. 
January HUH, pages 58-247, relevant extracts from which will be 
found in Appendix I. None of the track tested in America 
coincides with worn 75 lbs. rails and Indiart spacing and size of 
sleepers, but the nearest to this is 85 lbs. worn rails with 6 to 12 
inches of ballast under the sleepers and the results, obtained on 
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that track with a “ Mikado ” type locomotive, have teen adopted 
in these calculations, where necessary. 

7. Paras. 5 and <> of (lie extracts in Appendix 1, contain 
formuUe for a single static loatj^and the niethod of modifying the 
results obtained from them, so as to allow tot a series of loads. 
That these formulae give results closely approximating to actuals 
was verihed by the tests made subsequently. The greatest Bending 
Moment is usually to l)e found under the leading driver and this 
has been selected as the wheel to be considered in this connection. 
The value of Tx% the modulus of elasticity of rail -sup port, has teen 
taken as 900 lbs. per inch, somewhat less than for the American 
85 lbs. track, vide para 17 in Appendix I. The rail considered is 
an old type 75 lbs. I). JL. rail worn dow n to about 72*70 lbs., with 
a Moment of Inertia of 20 :15 and Section Modulus of 7*9. 

8. According to an equation impara. 5 Appendix I, llie maxi- 
mum’ bending moment under a> static load, representing a single 
axle -load, is M (I — V 4 'VIA. 

/ 04u 

Where P is the wheel load and E is the modulus of elasticity of 
steel, which may be taken as :m.000,000lbs. per sq. in. Substitut- 
ing maximum stress in tin* rail multiplied by its section modulus 
-for M. and 1T25 times the section modulus for P, we get 
f r 9 1125 ? 9 :m,000,000 x 

til x 900 

oi f = IT -o * x r loooo 

1.1 *42 tons per sq. in. 

From another equation, in para. 5 in Appendix I, we get 
1 / 1 K. I . 

V / 

i 4 ^ 

- -79 x 41 

**-= 32" approximately. 

. In order to allow lor tin* effect of the other wheel-loads on the 
amount of bending moment under the first, driver of a u Mikado” 
type locomotive, with about 17 tons axle-loads on the drivers and 
10 tons axle-load on the pilot wheel, which is the average ratio of 
axle-loads on Eastern Bengal Railway locomotives of similar types, 
we get, according to para. fJ in Appendix T. 


Effect Of 1st driver 

X 

to 

. + 100 

of pilot wheel ( 

x . 

S-25) x lt -. 

- 0 05 

of 2nd driver ( 

X 

*7 

= 20«> 

- 0-21 

m- 

. * of 8 i*<1 „ < 

X 

X, 

- 4-1) 

. - 0 04 

' 

1 


+ 0-70 
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; s - r Multiplying by this factor the maximum stress due to 4 
Static loud, we get for the maximum static stress under 
driver- 

f (I - f x *7tF - I M2 x 70-7 00 tons per sq. in* , 

0. This must now he multiplied by the necessary factor toget 
the stress at a speed of (50 miles per hour, which is the usual limit 
for unrestricted speed. From Table S in Appendix 1, taking tin* 
results of tests with a “ Mikado typo fncoumlhe ovei' Kolbs, rails 
in 101(5, we get an increase in stress ol’ II per rent. for each mile, 
per hum* increase of speed greater than 5 miles per hour, rule psmu 
Effect of Speed ” — in Appendix I. The average for all four 
drivers works out to *41 per cent. The i mis were all made with the 
counterweight in its lowest position, as it passed over the instru- 
ment. Tin* results of the 101.7 tests were iu>l so reliable, owing to 
the instruments noticing as accurate as they wen* made later. 

At (50 miles per hour the percentage increase of stress will be 
75 x *41 ~ 21 per cent., and tin* corresponding maximum stress ill 
f he rail wi 11 be 

f (h - 7*09 x I -15.1 - 0*01 tons peY sq. in, 

10. So allowance has been made for k ‘ lateral bending, M “ con- 
dition of track ,p and “ \ariabihty " factors, ride paia. 55 in Ap- 
pendix 1, as the factor of safety, which has been used to arrive at 
the working stress of 10 tons per sq. in., may be relied on to cover 
these unforeseen excesses. This factor of safety has been taken as 
low as one-fourth, the minimum permissible breaking stress oJ rail 
steel being 40 tons per sq. in. , according to the British Standard 
Specification. 

It may appear to be very stiauge that treating the permanent 
way, as a rigid structure in one case and as an elastic one in the 
other, should both give practically identical results, but this is 
capable of explanation. The rigid structure supposition increases 
tin* impact effect very greatly, although the c fleet i\e span of the 
rail is comparatively small. The elastic quality in the other case 
reduces the. effect of impact because pari of the approaching load 
gradually affects a length of rail between two consecutive sleepers, 
while tin* load is some distance away, but at the same time the 
sinking of the sleepers results in a proportionately greater bending 
moment in the rail for the same wheel-load, due to the length of 
effective span of the rail-girder being increased. This goes to 
prove that the same section of rail is suitable for the same axle- 
load both on girders and on ballast, the only difference being that 
there is more “ jar " when the load is moving over a girder. 

14. Jn order to make a further check of" a better type of track 
than worn 751bs. rails, the case of new OOlbs. F.F. fl,S . Mr rails, with 
a moment of inertia of 3i*50 and a section modulus of 42 30, may 



THK LNKTITFTION nr ENGINEERS (INDIA). 


8 


he considered. This t y [Hi of track is sure to Ik* stiffer than the worn 
77lbs. rails and “ u ” in this case may be tnken as l,0001bs. per 
inch. 


As before. 


m ,, * /;jo,ooo,oo > x di-:», 

,\|ii t-Z \ / 

s' (il X 1000 


- 11 27 l\ 


Tin* maximum ] permissible wheel load at unrestricted speed for 
this rail is 112.7 times its sertion modulus, riilr para. 5 above. 
Therefore we gel 

f x 12 ;? 1 1 27 x 12 ;; , 112:. 

or f 12‘OS Ions per sq. in. 


A pi in as before, 


7t I / 1 x :;o, ono.ooo x :U*7 
I x ' ~ 1,000 


a pproximateh . 

To obtain the statu* effort of wheel load of 1st driver of a loeomo- 
tiv(‘, with about 271 tons driver axle- loads ami lOj Ions pilot wheel 
ax le load — 


Effect of first driver 



t 100 

,, pilot wheel | 

r \ 

l N, 

v \ 1 0 2-> 

- W ) S T-:, 

0-00 

2nd driv ei | 

r \ 

K s 

- I SI ) 

0 20 

,, ,‘trd driver ^ 

f x 

i 

- :m \ 

0*07 


-l Obi 


ThenTore f ( , 12 OS * 0 01 

- S i 1 Ions per s<j. in. 

Allowing lor a inaximum speed of 00 miles per hour we get 

S-lt** 1*2-1 

= - 10*00 tons per sq. in. 

which is just o\er the permissible limit of 10 tons per sq . inch. In 
aetual practice a new OOlbs, 'ail woubl not be laid unless the 
maximum a\h* loads were \er\ much less than used in these calcu- 
lations so as to allow ample margin for wear of the rails. 

12. Again taking the case of the. modern Standard *\f. G. track 
of OOlbs. F. F. IF S. S. rails, with a monu*nt of inertia of 1 ISO 
and a seel ion modulus of 0 71, we get for such track a permissible 
maximum axle-load of about 17 tons on tin* drivers and a corres- 
ponding axle load of Sj tons on the pilot -wheel may be taken. In 
this ease the modulus of elasticity of rail-support, “ 11 ,” may be 
taken as SOOlbs. per inch. 
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f 1-00 

- o on 

0 20 

oou 

+ 0 7;* 

f (1 io-sri x ot:; 

- 7*93 (oils per si | . in. 

A I 00 w < ‘ gol 

f (l , T-o:i x Ml 

- 0 83 Ions per stj. in. 

In actual prartb-e the maximum axle lorn I on a section laid 
with now 00 lbs. rails, would ho min h loss limn that used in 
these oa leulal ions and wouid allow snmr mai^in lor wear oi the 
rails. 

13. The results of the im esl iga ( ions, set forth in this nolo, 
appear to indieate that the limiting strength of a rail, for 
unrestricted speed, ma\ he iKedlor all piaetieal pur]mses on 
the basis of a maximum permissible driving-wheel axle load in 
tons equal to 2’ 27 limes the seetion modulus of the rail. For 
res trie red speeds, the permissible loads would he higher and 
could he obtained by working backwards. taking the value of 
f (ls at 10 Ions per sq. in. and allowing for the restrieted speed 
on the basis of IF 1 :, increase in stress for each mile per hour 
increase of speed greater than 7 miles per hour, rWr para. 9 of 
this chapter. 

14. Another important point, that may also he considered, is 
the limiting strength of rails as compared with loads on axles, 
other than driving-wheel axles. The former exert no pressure on 
the rail due to action of counter weights and. therefore, it follows 
that Bitch axles may carry heavier loads than driving-wheel axles 


Working on these data as before, we get 

M _ p V ^ 


= 9'65f\. 

f X 6*74 r, 9 (in X 6 74 x M2 5 
f = 10*86 tons per sq. in. 

'W rr 4 / i v Minn. imn v i i -s 

x. 


rr 4/ t x :>CM»oi;(H)0 x 1 1 
~ 4 - 800 


- 30'' approximately. 
UTeel of 1st driver 


3rd driver 


• > pilot wheel I : -’J 20 

x 


,, 2nd driver 


( ) 

0,-) 

0,M 


0 • t . ) 

1 .VO 
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for i he same strength of mil. This is an important consideration 
horn use, although it is possible and generally the practice ft) use 
lighter engines on unimportant and branch lines, so us to enable 
lighter permanent way to be laid thereon, it is not ,jlesirable to 
icstricf t he use of wagons, designed to carry loads which aiv 
economical and which should not be unduly restricted, so as to 
suit the lighter permanent wa> of the unimportant and branch 
lines. 

15. Keuerjing to the analysis of the effect of driving-wheels, 
in paras 1 to 5 ol this chapter, and omitting from the formula, 
at the end of para 1, the factor for effect of counterweights, we 
get, for the maximum load which a rail has to carry-- » 

\v A i! :t:s 


Substituting this \alue of XV in the equation M 


para 5, we get — 

10 - x A * 


X 


*:() f>(> 

iS 


w/ . , 

- . \ h1<* 


. „ 10 ; X ,X 41 v . . 

or A \ x 2 .>< \ approxima Pd\ . 

x -i; tit; M 

This represents an increase about 11°;, on the permissihh 
driving wlicel axle-load. 

TJic minimum section modulus of rail for an ordinary axle-load 
if A tons is, therefore, IN" A tor unrestricted speed. This 
would apply to coaching vehicles but in the ease of goods stock, 
as goods (rains are not likely to run at more than about Wl 
miles an hour, n further increase for restricted spied is per 
missible, which gives ihe following result - 

J .0 | 

A ‘ < 2 >57 X - 2*87 X 

111 * 

which represents an increase of about 2N on the permissible 
drh ing whe(d axle-load. 

As a rough rule, it may be considered that permissible maximum 
axle loads of goods slock may lie 25% heaviei than the permissible 
maximum axle loads of engine driving- wheels for (In* same rails. 


111. KATF AND PHKM I SSI BLK LIMIT OF WHAK. 

Having arrived at a delinitc conclusion regarding the strength' 
of rails and tin* maximum axle loads, under which they may be 
used for unrestricted speed, tin 1 next point to bo musuleml is the 
probable life* of a rail in the track, which is dependent on the 
permissible limit and rati* of wear under tin* known or anticipated 
volume of traffic and maximum axle-load, which it will have to 
carry. 
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2. To arrive at Hu* probable lilt* of a rail in (Ik* main line, 
the ti#st step will be to fix Ihe permissible limit of wear, after 
which the weight of metal per yard, that is available for wear, 
can he determined. The next step will be to estimate the 
provable average rate of wear, in fractious of a lb. per sear, from 
the known or anticipated volume of (rallic on the railway, in 
which the rail is to be laid. As will be shown in the next para, 
three limits of wear have to be considered. The lirst, limit, based 
on. the strength ol worn rails, will be li.\ed by the conclusions 
arrived at in Ihe pm ions chapter. In order lo he able to 
ascertain readily, when required, the permissible limit of wear 
for any particular axle load, it will be desirable to prepare and 
keep on record charts, similar to that appended as Plate I, for 
all standard sections of rail in use on a railway. Such < urves can 
be easil> drawn after plotting (he calculated section modulus foi 
tin* rail, worn down hi various amounts within tin* specified 
limits. 

2. The three factors to be considered, in connection with* the 
permissible limit oi wear, are ll) the limit based on the strength 
<»t the worn rails, as compared with Ihe maximum axle-load in 
use, (2) that based on the reduction of depth ol the head of the 
rail to i\ point, heioml which there would be a risk of wheel 
flanges striking the heads and nuts of (lie lishbolts and (d) that 
based on I lie head being worn down lo a cross section, which does 
not provide an adequately strong table for tin* wheels to bear on, 
without risk of the inner edge of the head being bent or sheared 
off. In every ease that limit, which is lirst reached as the rails 
wear, must be taken as the permissible limit, ffi most cases of 
rails in the main line I la* permissible limit won! 1 be that based on 
strength and ihe othei two limits would probably apply only in 
the ease of rails in sidings over which locomotives do not run at 
high speeds. The latter limits must not, how even', be lost sight 
of as they may In 1 effective in cases when* a much heavier rail, 
than D warranted by the axle-loads in use, lias been laid in tin* 
track. 


4. Tin* limit, based on the possibility of wheel flanges striking 
the Leads and nuts of lishbolts, depends on the highest possible 
position of any part of such heads or nuts and on the maximum 
„ permissible projection of flanges of worn lyres below* rail level. 
The former factor can be ascertained from a draw ing of the type 
of rail joint to be used with the rails, and tin* latter is limited to 
1 for .V ff^ gauge and 1 for metie gauge railways in tin* 
“ Schedule of Dimensions ” on Indian Railways, prescribed by the 
Railway Board. A margin of safety is necessary in this ease and 
this margin has been fixed at 1/fK by the Railway Hoard, who have 
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fixer] the “ minimum depth of space, below rail level for wheel 
flange, in all points and crossings, at li" for 5' 0" gauge and 
ljj" for metre gauge railways. Drawings, similar to those repro 
duced in Plate II, will enable tlie area, of cross- se<$tion of the 
rails, available for wear to be ascertained in each <#ase and from 
this area the weight available for wear, in lbs. per yd., can 
easily be calculated. With ref. to the closing sentence of para, ,‘i 
of this chapter it will be evident from Plato 11 that, if 00 lbs. 
F. F., 15. S. S. rails are used with comparatively light axle-loads, 
their life is almost certain to be determined by the kk depth ” limit 
of wear. 

f>. The third limit, based on adequate cross-section of the 
head, is easily ascertained in the ease of hullheaded rails, which 
may be worn down until the cross-sections, of the head and foot 
are equal in area. The amount a\ailable for wear can be obtained 
from the “ Table of Dimensions, showing Areas of Head, Web and 
Flange, embodied as Plate 2 in the “Rrilish Standard Specifica- 
tion and Sections of Hull Head Railway Rails.” In the ease of 
fiatfooted rails the fixing of such a limit is a more dillicult matter, 
because a greater percentage of the meial lias to be concentrated 
in the foot of the rail, in order to get a base wide and strong 
enough to prevent overturning of the rail under trains. The limit, 
in the case of these rails, may, however, be taken at 15% of their 
total weight, when new. as this is about the average limit in the 
case of bull-headed rails. In the worst cast's this limit of wear 
would leave nearly 30% of tin* original weight in (lit 1 head of the 
worn rail, ride Plate 2 of tin* “Hritish Standard Specification and 
Sections of Flat Hot tom Railway Rails. ” in this connection 
attention is drawn to the fact that the limit of wear, on the basis 
of the preceding para., is only l to in the ease of (it) lbs. F. F. 
rails used in M. G. track. This is due to the fact that the size of 
nut used with the fishbolts is the same as for 00 lbs. rails, although 
the bolts themselves are 1 /N" thinner. If tin* size of the nuts were 
reduced in proportion, the limit of wear could be increased con- 
siderably. To get full value out of a rail it should be possible to 
wear it down by 15% of its weight, when new. A reduction in the 
size of the nuts is, therefore, very necessary, if fit) lbs. F. F. rails 
are to be used to their full economic limit. There appears to be no 
reason why smaller nuts should not be used. 

b\ Refore dosing this chapter the question of rate of wear > 
must be considered. According to Wellington the average life of 
good steel rails has been determined with a considerable approach 
to certainty, but his statement is based on the general considera- 
tion that 10 to 15 lbs. of a rail, weighing 00 to 80 lbs. per yard, 
is available for wear. Ilis figure, of 150 to 200 million gross tons 
carried, is not based on any permissible limit of wear for any given 
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axle- load and cannot bo used an a reliable measure for the life of 
all sections of rails and various axle loads. His figure for rate 
of wear is, however, fairly definite and has been adopted in the 
investigations made by the writer. This figure is a rate of wear 
of 1 lb. per yard for every 10 million gross tons carried. This rate 
of wear will have to be checked and will probably need to be 
.modi lied by each railway to sail local conditions. The rate will 
vary considerably in exceptional cases, such as hill seel ions of 
a railway with steep gradients, and will evidently not apply to 
wear on any hut the easiest of curves. Rales of wear, in all 
eases, should be worked out from information available regard- 
ing the wear of the rails in the past on the particular section 
of line under consideration. 


IV. SKLEtTlOX OF MOST EniXoMlFAL SECTION. 

1. In order to select the most economical section of rail for 
use in renewals or new works, it is uecessuiy to know tin* probable 
life in the main line and also the estimated cost, laid in the track, 
of the rails and fastenings. The cost of sleepers should not be 
included, as these usually become unserviceable quicker than and 
have to be renewed quite independently of I he rails. Another 
factor of importance is the* condition ol tin* rails, and consequent- 
ly their return value, at the end of their probable life in the 
main line. Kails, that are used for about fit) years in the main 
line and are quite unserviceable lor furl her use as rails at the 
end of that period, will have less return value in a relaying esti- 
mate than rails that have been in use for only 20 years and are 
still tit for use in unimportant branch lines or sidings. 

li. Wheu the probable life, initial cost and probable return 
value of any section of rail, which it is proposed to use, an* known, 
a measure of its cost, suitable 1 for comparison with other sections 
of rail, can lie obtained by ascertaining tin* annuity required to 
redeem, in (lie form of a sinking fund maturing at the end of its 
probable life, (he difference between its initial cost and return value, 
taking compound interest at I Ik* current rate of interest, payable 
on Fapital borrowed for railway works. Tables of such annuities, 
for different periods and rat es of interest , will be found in both 
Wellington and Trautwine. To t his annuity must be added, in the 
case of the more expensive sections, the interest per annum on the 
additional original cost over and above the original cost of the 
cheapest section. 

The simplest method of arriving at a definite result is to 
estimate first the probable life* and return value of each of the 
sections of rail, from which a choice has to be made. The annual 
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cost, based on probable life ami return value of each of most; 
sections, should then bo ascertained and by a comparison of the 
annual costs the most economical section will immediately become 
evident. 

3. The choice of sections should ordinarily be limited to the 
standard sections in use on the Kailwav concerned, as the use of a 
large variety of sections on the same railway is not desirable and 
involves keeping much larger slocks of points, crossings and fittings 
of all descriptions. For instance, if a 5 (>" gauge railway had 
adopted as standard practice the use of rails ol 90 lbs. and To lbs. 
per yard, tin* choice ot the weight ol rail to be used, for renewals on 
the main line or for a new branch line, would be limited to those 
two standard sections. .Accordingly, the probable life of both the 
sections of rail would first bo estimated and also their probable 
return value at the end of their lilo. These data, in addition tu the 
known initial costs of the rails, laid in the track, would enable tin 1 
annual cost, made up of tin* necessary sinking fund, referred io in 
para 2 of this chapter, plus interest on additional cost in the cast 1 
of the 90 lbs. rails, to be ascertained for each section of rail. A 
comparison of the annual costs would indicate which of the two 
sections it would be more economical to use for tin* proposed work. 

1. To make all clear, a specilic instance may be taken and a 
suit able case 4 to consider will be the select ion of ( he more cconriinica l 
section of rail for renewals on a railway, which has locomotives 
with present and future maximum axle loads of 17 tons and whose 
standard rail-sections are F.F., JS.S.S. rails of 90 lbs. and To lbs. 
per yard. The average volume of Ira Hie for four of the important 
IF <1. Kailways in India is 2 5 million gross (on-miles per running 
track mile per annum and this may be taken as rhe volume of trailie, 
which I lie rails will have to carry. According to para l> oi the 
previous chapter, the rare of wear of the rail will be 25 lbs. per 
yard per annum. A 7f> lbs. if.F. JFS.S. rail, worn down to 05 lbs., 
has a section modulus of just about 7.7, the minimum for 17 ton 
axle-loads at unrestricted speeds, but, as the “depth” limit of 
wear of a 75 lbs. rail is about S o lbs. per yard, the probable life of 
the 7b lbs. rails will be S o 0 2b 31 years. Similarly a 90 lbs. rati 
must be worn down to about 72 lbs. yard before its section 
modulus is reduced to about 7 5 but, according to para 5 of the 
preceding Chapter, the 90 lbs. rail must not be worn down by more 
than 15%, i.e. 13 5 lbs. per yard, auddhis would give a probable 
life of 13 5 - 0 25-54 years. 

5. The worn 75 and 90 lbs. rails, having been worn down to one 
of the maximum permissible limits, will be quite un serviceable for 
further use as rails and their return value as scrap may be taken 
a# 50% of their, original cost. This figure has been taken because 
unserviceable rails appear to be readily saleable at such a rate to 
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the public tot* building* and other purposes. Considering" the 
original cost of one mile of track of*each section, including cost of 
relaying, etc., but excluding cost of sleepers, I be results obtained 
arc tabulated below. The cost of relaying has been taken as 
Rs. 3, 000 per mile in each case and includes carriage and other 
charges. 
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r< will be seen from tin* above statement tint To lbs. rails would 
be more economical in the cum* under consideraii m. 


b, A suitable tabulated form, in which (o compile a unu- 
paralive statement ol I he costs ol var’oim mm (ions of rail, from 
which a selection has to be made Ion a proposed work, is attach- 
ed vide Plato 111. If such a statement formed one of the hi 
closures, accompanying everv estimate f »r pcrnmirui wav, either 
new or tor renewals, in the mam line, it would ho of great assist- 
ance to the sanctioning autiioi il \ in arming at a decision. 

*9 


V. (HhNVU'l) IXt; REMARKS. 

1. The writer’s at lention has been drawn to the short article, 
on “Ministry of Transport Regulations and tin* St length of 
Kails,” in tlie “Railway (hazel to” of June 2bfh, 10:23, in which 
article the “apparent" strength ol steel and “scrap" depth of a rail 
are introduced into the calculation of the strength of a rail. The 
former might probably he safely included, if all the factors, that 
are referred to in para. 10 of (Chapter II of this paper, could also 
be included in the calculation lu view, however, of the fact that 
lateral bendiug of the rail results in stresses at the outer edge 
of the foot of the rail greatly in excess of the average stress at the 
foot, it is not safe to take into consideration “ apparent ” strength, 
based on tests conducted with beams, which wen* presumably not 
subjected at the same time to lateral bending or distortion. Para 
53 in Appendix I may be referred to in this connectidu. 
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2. As regards ilie “scrap” depth of a rail, which is refer- 
red to by the writer of the Article in the “Railway Gazette” and 
which is taken as the depth at which wear of the head has reduc- 
ed its sectional area to that of the foot, this iyile may apply to 
hull-headed rails but cannot fairly hr applied to flat-footed rails. 
If it is applied to the latter, the permissible limit of wear will 
he so curtailed in many cases that the rails will not be economical 
to use. For instance 4 , the application of this rule would limit the 
permissible wear In DO lbs. F.F. rails to about 7 lbs. per yard, 
the same as the limit for 50 lbs. F.F. rails. On the other hand 
o !H) lbs. 11.11. rail may, according to the same rule, 1 m* worn down 
to the extent of about III lbs. per yard. This question has already 
been dealt with in para 5 of Chapter III. 

II. The writer lias also heard mention of another rough rule 
that limits the wear of a rail in tin* main line to 10 per cent of 
its weight, when new. lie has not, been able to trace any technic- 
al pa i km* on the subject nor can he admit lint such a rule is cap- 
able of universal application without leading to anomalies, just 
as tin* “ scrap ” depth rule does. An inspection of the sections 
of 05 lbs. and 100 lbs. ILII.ILS.S. rails will disclose 1 he fact that 
the whole of the* extra 5 lhs. per yard, in the case of the latter 
section, has been used in increasing flu* depth of tin* head and 
there is no reason, therefore, win the 100 lbs. rail should not he 
allowed to wear down, during its life in tin* main line, by 5 lbs. 
per yard more than the 05 lbs. rail. Moreover, in Paper No. 2172, 
“On the Wear of Steel Rails,” published in Volume LXXXIV of 
the Minutes of Proceedings of tin* Institution of Civil Engineers, 
it is mentioned that ‘‘On the London and North- Western Railway 
in 1N77 iron rails, taken out of the line in relaying, wtfre credited 
to the district at 71 lbs. per lineal yard, an average loss of 10 lbs. 
on the original weight. At the present time (1H%) St lbs. steel 
rails are credited at 00 lhs. The stronger and purer metal retains 
its form and tin* rail generally remains uniform on the head from 
end to end, until it is considered too light for a safe and easy 
running road.” It is evident, therefore, that in 1N8G it was found 
possible to leave steel rails in the track till they had lost as much 
as 21 per cent, of their original weight 

1. There is, however, a good deal to he said in favour of limit- 
ing the wear in the main line so as to leave a margin for further 
wear, when the rails are removed from tin* main line and laid in 
sidings. This procedure would enable sidings to be laid and re- 
newed almost entirely with old rails released from the main line, 
so that all the money expended in the purchase of new rails would 
be employed in keeping the main line up to a high standard of 
excellenee. If this principle is adopted, tin* maximum permissible 
limit of wear, based on paras 4 and 5 of the preceding Chapter, 
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would ha vo to ho divided up into two parts and only the first part, 
amounting to two-thirds of weight per yard, available for wear, 
would lit' considered in arriving at the probable life of a rail in 
(he main line, the return value in every ease being taken as that 
of second hand rails (it for use in sidings, etc. The adoption of 
t his prineiple would alleet I lie comparison of SMI lbs. and 75 lbs. 
rails, made in para 5 of the preceding Chapter, and, taking the 
return value of second hand rails as two-thirds of the original 
cost , a revised result would be obtained as follows:-- 

00 lbs. rails -probable life 50 years- Annual Cost Rs. 550 

75 lbs. rails —probable life 22 years -Annual Cost Rs. 250 
So that tin* 75 lhs. rails would still bo more economical to use 
in the ease under consideration. 

The adoption of (his principle would necessitate a modification 
in the sample form of comparative statement of the costs of 
various sections of rail, Plate III. A her tin* columns of ’‘Permis- 
sible Wear in lhs. per yard" .mot her column, “Permissible W ear 
in Main line/" would have* to be added. 

5. Since the bulk of this paper was written, the writer has 
made lurther investigations of existing conditions on Indian Rail- 
ways to check the general conclusion arrived at. On the South 
Indian Railway, some years ago, the running of locomotives with 
15 ton axle-loads oyer 00 lbs. F.F. rails was sanctioned with a 
speed restriction of *J5 miles per hour. A correction for restricted 
speed, as indicated in para 15 of Olnpter fl, gives 15 ton axle 
loads a! unrest ra ted speed as equivalent to 15 tons at 25 miles 
per hour. Tin* section modulus, of one of the worst worn rails 
now in the track, is about 5.S and 2| times this figure gives tin* 
15 foil axle load, referred to above. 

Again it is known that old ilj lb. F.F. rails have been in use 
for many years under ton axle- loads, at restricted speed of 
about 25 miles per hour. This is equivalent to 7 ton axle-loads 
at (id miles per hour, which is less than the permissible maximum, 
even when the 41 ^ lb. rails are worn down to 10 lbs. per yard 
and their section modulus is about 5 5. Finally there is the case of 
the 50 lhs. F.F. rails, in use on the Gwalior Light Railway, 2 0" 
gauge, with 0 ton axle-loads and a maximum speed of 15 miles per 
hour. A correction for speed gives an equivalent axle-load of 
about 5 tons at 00 miles per hour. As the section modulus of the 
50 lbs. F.F. rails, when new, is about 2 5S and an axle-load of 
5 tons at 00 miles per hour requires a minimum section modulus 
of 2 22 only, the use of 0 ton axle-loads at 15 miles per hour 
leaves ample margin for wear of the rails. 

(Sd.), A. F. HARVEY. 



PLATE III. 

COMPARATIVE COSTS OF VARIOUS SECTIONS OF RAIL. 




APPENDIX I. 


Extracts from the Report of the Special Committee, 
appointed by the American Railway Engineering Asso- 
ciation, to report oh Stresses in Railroad track. 

II.— TIIK ACTION OF TRACK AS AN ELASTIC STRUCTURE. 

H. The General Behaviour of Track under Load.— A proper 
conception of the fundamentals underlying the action of track under 
load may he had only hy considering the track as an elastic struc- 
ture under load : The wheel loads are applied on the top ot the 
rails, the rails act as flexible beams which rest on flexible, supports 
(ties), and the ballast and roadway on which the ties rest are them- 
selves yielding or flexible. The action of the various fiarts of this 
elastic structure affects the action of other parts. It is evident that 
(he quality of flexibility and elasticity and stiffness of the supporting 
substructure constitutes an important element in track action, in- 
fluences very greatly the action of the rail, and affects the stresses 
developed in the various parts of the track. 

Due to the stiffness of the rail and the yielding of it s supports, 
the load from a wheel will be distributed o\er a number of ties. If 
is evident that 1 he amount of yielding of the supports affects the 
values of the moments and stresses developed in the rail. As the 
distribution of the wheel load among a number of ties produces 
upward pressures or tie re actions of varying amounts, the 
determination of these tie reactions is connected with tin* problem of 
determining analytically the stresses in the rail. The properties of 
elasticity and stiffness in the rail, the tie, the ballast, and the road- 
way enter in a complex manner into (he development of the stresses 
in the tftack structure, the relative stiffness of the various parts 
affecting the results in any one part. The spacing of the wheels of 
locomotives and cars longitudinally along the track also influences 
the division of the load, as pressures on the various ties, and hence 
influences the value of the stresses developed in rails, ties and 
ballast. The track is flexible, and its action under load is exceed- 
ingly complex, especially under the variable conditions found in the 
bearings, ballast pressures, and roadway resistances. 

Before attempting to give an analytical treatment of the 
moments and stresses developed in the parts of the track structure, 
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it may be well to diserss in a general way the action of that struc- 
ture/ It is belioN e<l that this may l>e helpful in forming pioper 
ccmceptions ami in showing that certain notions of the manner in 
which the rail acts are incorrect and misleading. » 
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Fig. 1. Assumed tie reactions for one-axle load. 

A number of writers have obtained expressions for the bending 
moment and stresses in a rail by considering the latter as a simple 
beam supported on 1 ho two adjacent ties, with the wheel load at a 
point half way between. This assumption gives a positive bending 
under the wheel of j Pa, where I* is the wheel load and a is the 
distance from centre* to centre of ties. Other writers assume tin* 
beam to be* fully rest mined over the adjacent ties, this makes the* 
positive moment i Pa and the negative moment i Pa. Among other 
values which have been put forward are those of 0 IS Pa for the 
positive* bending moment under the* load, and 000 Pa for the* 
negative moment!, which is conside > re*d to be ovrr t he adjoining th*. 
In all the*se* it is virtually assumed that the* load is taken only by 
the* two t ies ael jacent to the* load. 

The* conditions fora single* wheel load may be* approxhnab d b\ 
taking the* upward tie* pressure's as the hauls on the rail and the* 
wheel load as the reaction and iti ellect considering the rail cot at* 
the last tie. The wheel load is distribu(e*<l over a number of <ie*s. 
The proport ioual part of the* whe*e*l haul for e*ach tie tract iem 
depends on the* tie* spacing, the* stiffness of the* 1 ie* and of the* support 
ing substructure (ballast and rondwav). ami the stillness of the* rail, 
('onsidcr that the tie* reactions, which approximate* the values found 
in tests, arc somewhat as given in Figure 1. For this assumes! 
distribution of tie* react ions the herding moment under the* load will 
Them he* 0 f>3 Pa . if we* consider that tin* rail is not held down in such 
n way as to give* negative tractions and negative resisting moments 
away from the whe*el. it is sent from this illustration that a single* 
load may give* a high herding moment in the* rail. 

If, now, we* consider rail with an indefinitely large* number of 
evenly spaerd wdieel loads, the tie sparing being, say, not more 
than one-third of the* wheel spacing, it can be shown that, for a 
given wheel spacing there* is relatively little difference in the tie 
reactions until the wheel sparing heroines epiitei large. Assuming 
for present purposes that the tie reactions are equal, and that the 
wheels are at points midway between ties (Fig. 2), the positive 
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bending moment muler loads three tie spares apart is found to be 
about Pa % and the negative bending moment -01.M Pa, and 
tKlirWV/ and frlTM Pa , respectively, when the wheel sparing is four 
tie spares. Expressing the bending moments in terms of the wheel 
sparing, /, the values heroine 0 (MIX PI and- O Ool PI for / - *Sa , and 
O OSli PI and--(HKW PI for / is equal to 1 a. It is readily seen from 
this that, for Ihe conditions assumed, the bending moments —and 
therefore the stresses in tin* rail- -will he dependent on Ihe wheel 
sparing, and that this influence will continue until the wheel splicing 
heroines so great as to approach the conditions of single loads. 



The foregoing refers on l\ loan indefinitely large number of 
wheel loads. Fora small number the results will be greatly 
modi lied. hi rase two, three, or four wheels are spaced as abo\e, it. 
may he expected that the positive moment developed under the first, 
and last loads w ill he greater I ha n the foregoing \a!ues, and the 
moment under intermediate wheels soni(‘\\h;il les* than at the outer 
wheels. The moment of this diilereiice will depend on Ihe proper- 
ties of tin* track, including the stillness of the rail. When there are 
other wheel loads, as truck wheels, not too faraway, their (‘fleet is 
to modify the moments produced under ihe main wheels. On the 
whole, the problem is very complicated. 

It is appa rent that, for conditions here < onsidered, changes in 
Hum baseness of lie spacing liaxe relatively small effects on Ihe 
bending moment developed in (In* rail b\ a given wheel loading, 
thus, for a wheel spacing equal to three (i<* spaces and an in 
definitely large number of wheels thus spaced, t lit* positive moment 
is about, (HISS PI ; and, if the ties were spared so closely as to np- 
proaeh conditions of uniform distribution of hearing pressures from 
wheel to wheel, the positive bending moment would Ik* approximate 
lv 0‘0S;i PL It is also well to note that, by this method of analysis 
the bending moment muler the wheel may 1 m* expected to lx* nearly 
as much for wluAds placed over ties as when they are midway be- 
tween ties. The foregoing discussion is based on an assumption 
of uniform resistance of the substructure, namely, that the stiffness 
of the elastic support is thesame at each tie. It is evident that, the 
stresses in the rail will he modified by the varying conditions of the 
tie* ballast, and roadway from point to point along the track. 
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Another important clement in the problem of determining 
stresses in track is the effect of speed of locomotive and train. 
On this matter analysis alone can give little real information, 
and it must be expected that reliance iuust # be placed on experi- 
mental data. 

The miction of the tie or its upward pressure on the rail 
dej >ends on the stiffness of the yieldability of the ballast and road- 
way, and also on the stiffness of the rail, which, of course, is 
dependent on its moment of inertia. For good track and (or a 
wheel spacing of not more than three or four tie spaces, the tie 
reactions for the ties between wheels will not vary greatly from each 
other. In front of the front wheel and behind the rear wheel, 
of a set of wheels, and also in front of and behind a single wheel, 
the division of the reactions among various ties will be dependent 
on the stiff uesM of the track (rail, tie, ballast and roadway). The 
determination of this stiffness is one of the problems connected 
with the experimental work. 

The distribution of the upward pressure 1 of ballast against a tie 
along its length may be expected to vary with the tamping and 
with the ballast and roadway conditions, and also depends on the 
dimensions of the tie. For usual conditions of good track, it would 
seem that the upward pressure will contiuue from the rail to the 
end of the tie and for at least a similar distance inside the rail. 
The exact distribution will depend on the amount of bending of 
tin 1 tie and on the permanent depression made in the ballast 
bv the previous applications of load, as well as on the yieldability 
of the ballast, and roadway. It will help in getting a con- 
ception of the action of the tie and ballast to consider the 
tie to be set on a bed of stiff springs, under load, the 
tie bends and the springs compress in proportion to the 
load pul on them. The stiffness of the springs depend* on 
the nature of the tie hearing and the consolidation of the ballast 
and other bearing material, and their elastic properties. At the 
middle point of the tie the springs will generally have little bearing 
resistance. Figure 2 gives a general notion of the distribution 
of the load along a tie. However, it must be expected that changes 
in the conditions of ballast and roadway — like freezing and thaw- 
ing — differences in bearing conditions of adjacent ties, and the 
differences in resistance to repetition of pressure on the ballast 
along the length of the tie, greatly modify the ^stribution, and 
such changes may be expected to increase the bending stresses in 
the tie. It is usual to think of the distribution of pressure Across 
the width of the tie as being nearly uniform ; that is, to consider 
the whole width of the tie as equally effective in transmitting pres- 
sure from the tie to the ballast. The ballast, however, is composed 
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of noncohesive particles. As the transmission of pressure in 
directions other than the vertical is dependent on friction between 
particles, tlm vertical pressures at the edge of the tie must he less 
than the pressures transmitted from the middle of its width, and 
this difference results in a distribution of pressure far from uniform 
across the width of the tie. For ties which are spaced not too far 
apart , there is something of a reaction from the adjoining tie, which 
may he expected to improve the distribution across the face. On 
the whole, however, the upward pressure against the tie cannot be 
uniform across its width. 

ttiiiiip tftiuifp 1 

* Fig. 3. A distribution of pressures along a tie. 

The ballast, as a part of the structure of (lie track, in addition 
to other important purposes, such as drainage, serves to transmit 
the tie pressures and reactions to the roadway, and acts to dis- 
tribute the pressure more nearly evenly over the surface of the 
roadway. The laws governing the distribution and transmission 
of pressure through the ballast must be expected to have an im- 
portant bearing on the proportioning of the track structure. The 
formulation of these Jaws and the determination of constants re- 
lating to stiffness or yieldability must wait experimental work. 

The roadway itself, acting as a support, also serves to transmit 
pressures and to distribute them to the surface of the earth below. 
The conditions of the roadway and the materials of which it is 
made may be expected to affect the action of the track, Little is 
known about this.. 

Enough has been stated to show that the problem of the stresses 
in track is not a simple one, that it involves a large number of 
elements which have the nature of variables, that these variables 
enter into the problem in a complex manner, and that it is neces- 
sary to have a diversity of experimental data relating to the 
several variables before attempting to formulate the laws govern- 
ing the stresses in track. * 

4. Analysis of Track Action . — An analytical treatment *>f the 
action of track under load has a value in the comparison of ex- 
perimental data^ It will be of use in establishing* the physical 
properties of track and, should be an aid in forming proper con- 
ceptions of the manner in which track acts under load. It will 
be, found to be a convenience in discussing the effect of rail section, 
tie spacing, driver and wheel spacing, depth of ballast and its 
fiftiffaeas. aud condition of roadway. Such analyses are based ou 
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the theory ot* flexure, and involve complicated mathematical pro- 
cedure. It may not be expected that an analysis of track action 
will (it acurately the many variables of track ami, besides, the 
track varies in its properties from point to fmint. What is want- 
ed is an analysis that may readily be used and that may easily 
be applied to combinations of wheel hauls, to variations in wheel 
spacing and to particular physic.il conditions of track. Most 
analytical treatments give results in such complicated form that 
their application is time-consuming. The simplified forms of 
analysis may not have a wide nange of ‘applicability. Various 
methods of analysis have beam examined, including those given 
in foreign publications. Much time and considerable effort have 
been devoted to a study of possible analyses, and a, variety of 
methods of attack have been taken up. Asa result, it is eonclud 
ed that the method of analysis which is based on the assumption 
of a continuous elastic support under the rail is by far the most 
convenient, most easily applied, and most comprehensive in its 
application to ( he quest ions involved in the work of the Committee, 
This ana l\ sis lends itself very rraJilv to a discussion of I la* general 
problems of track. 

The assumption of a continuous support in place of tie sup- 
ports is not an element of serious inaccuracy for the close* tie 
spacing and large rail sections used on American rail roads, es- 
pecially as the use of values of track stiffness determined from 
data taken from tests on ordinary track carries into the constants 
established much of flic condition of concentrated tie loads. The 
results of this ninth sis are* similar in general character to those 
tried using coneent rated tie loads. The method has been found 
to he more general and to have fewer limitations than the methods 
based on concent rated t ie* loads. 

The term, modulus of elasticity of rail-support, is introduced 
as a measure of the vertical stiffness of the rail-support. It may 
Is* defined as the pressure per unit of length of each rail required 
to depress the track one unit. II represents the stiffness and 
yieldability of lie. ballast, and roadway, but does not involve the 
stiffness of the rail. As applied to ordinary track, the load on 
one rail *req uired to depress one tie one unit, divided by tie spac- 
ing, will give ihe modulus of elasticity of rail-support. As ail 
illustration, consider (hat a series of wheel lo'ads which depress 
the (rack an average of 0T> in. gives a load equivalent to 10,000 lb. 
per tie for each rail, and that the tie sparing is 22 in., the modulus 
of elasticity of rail -support is then l,o00 lb, per Inch of length 
of rail per inch of depression. The value of the modulus of 
elasticity of rail-support is so related to tie-spacing and tie 
dimensions, depth of ballast, quality of tie, solidity of roadway, 
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character of tamping and surface, and other conditions of tlio 
(rack and its maintenance, that ii will vary considerably accord- 
ing to the quality of the track. 

The method of analysis will he developed, first for a single 
wheel load and then for a combination of wheel loads. 

5. Depressions , Upward Press it res , and bend imj Moments in 
Pail for Track havhuj a (' oniinuons HKnstic Support ; Sniffle Whirl 
Load . —Assume that the rail is supported continuously on an 
elastic support, ami that the support has a constant modulus of 
stiffness, that is, that the depression of the track find the result- 
ing upward pressures on the'rail are directly proportional to each 
other. 



Fig Distribution of Depression, and bending Moment 
for Single -wheel Load.' 

Assume, further, that the track construction is such that negative 
pressures may he developed. The following nomenclature will he 
used (see Figure 1) : 

D- wheel load on rail at point which Avill be used as the 
origin of abscissas, 

E- modulus of elasticity of steel, 

I -moment of inertia of section of ihe rail, 

Y -depression of rail at any point, x, it being assumed that 
there is no play or backlash in the track, downward 
displacement of rail is negative, however, in the applica- 
tions to track, the ordinary downward depressions of 
track will be spoken of as positive, 

Vo = depression of rail at point of wheel load (x^O), 
p = upward pressure against rail per unit of length of rail at 
any given point, 

p () — upward pressure against rail per unit of length M rail 
at the given wheel load (x— 0), 
us=nn clastic constant which denotes the pressure per unit 
of length of each rail necessary to depress the track (rail, 
tie, ballast, and roadway) one unit, for the system of 
units ordinarily used, it will be expressed in pounds per 
inch of length, of mil required to depress the track 1 in. 
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11 represents the stiffness of the track, and involves con- 
ditions of tie, ballast and roadway, it is termed t he 
modulus of elasticity of rail-support, 

M- bending moment in rail at any point ;« 

M ft =r bending moment in rail at point of wheel load due 
to single wheel load (x-0), 

x. — distauce from wheel load to poinl of zero bending 
moment in rail, 

x , — distance from wheel load to point of zero upward 
pressure, it will be shown that x, is 3*, , 
e-base of natural system of logarithms 12*71 KE 

The fundamental condition on which the analysis is based is 
that the track depression at any point and the upward pressure 
on the rail per unit of length at the same point are directly pro 
portional to each other. In oilier words, p uy. 

It will be recalled that, in the mechanics of beams, (he 
derivatives of the elastic curve (first, second, third and fourth), in 
their order, represent or are proportional to (1) the slope of f lw 
elastic curve, (2) tin* bending moment in the beam, ( 'A) tin* shear, 
and (I) the intensity of the load. In the case in hand, the fourth 
derivative (the intensity of the loud) lias the unique relation of 
being directly proportional to the original function, given by I ho 
equation of the clastic curve or curve of depression of track. 

From the fundamental condition, the differential equation of 
equilibrium is : — 

K '• ••••••• o) 

This differential equation is satisfied by the following cquarion : 
i* i /7T / 4 / u 
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Thu equation for intensity of pressure against the rail is 


T> 4 / u 4 ! tl { 

> = — u y — P / e— .r — -I i 

"- 41 ' 1 V 4 K.LV 


Sin. ,r 


v' 0 4 K.l. 

4 u 
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The mai hematical derivation of these equations will not is* 
given, Imt the solution is seen lo he i-onrct, because at (Ik* sumi. 
lime, I wo types of conditions are gatislied : 

1. — The different in I equation is satisfied by Equation (2j for 
all positive values of x. 

2. All lieeessa ry conditions at special points are satisfied as 
follows : 

d { v P 

K I = - for x =z 0 . . . . . . (a) 

fm x = U ami x = .r ..... (/;) 

d x 

v 0 for x _-.c . ... (r) 

The following special value of the functions will he useful: 

The distance from tin* wheel load to tin* point of zero bending 
moment, in the rail (M-O in Equation (4) is 


The value of (he maximum bending moment in the rail (which 
is at (he wheel load) (x <) in Equation (1) ) is 

M„ = I* Vj-i f - =»>•;? is l» x , (S) 

The value of flit 1 maximum track depression (which is at. tlic 
wheel load) (x - O in Equation (2) ) is 

■ 0 — '4/(54. k 1. u 3 


The value of the maximum intensity of upward pressure (winch 
is at the wheel load) (x-0 iu Equal ion (6) ) is * 


r 0 = v 


4 /JZI 

y/ 64 E.I. 


— u V 


. ( 10 ) 
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Figure 5 gives master diagrams lor (li (la* moment developed 
in (he rail, and (lb (lie intensity of pressure against tin* rail and 
the depression of the rail, as determined from tin* foregoing 
equations. The diagrams represent relative values. Tin* 
bending moment under the wheel load is given as 
unity, and the values of the bending moment at other 
points (given as ordinates of the bending moment curve) are 
expressed in terms of the bending moment at the wheel load. The 
intensity of upward pressure (represented by the ordinate to the 
pressure curve) is also expressed, in terms of the intensity of 
pressure at the wheel load as unity. Similarly, the abscissas of 
the two diagrams (bending moments and pressures) an 1 expressed 
in terms of (he distance from the whet*! load to the point of aero 
bending moment as unity; i. c. , as abscissa ratios. For any given 
track conditions, the value of the maximum bending moment. M 0 , 
may In* computed by Equation (S) and the distance X t to the point 
of zero bending eminent by Equation (7). To get tin* bending 
moment at any given point, find the ratio of x for the given point 
to Xj and take the ordinate from the diagram by using this ratio 
as the abscissa. The bending moment in the rail at the given point 
will then be* found by multiplying the value of the maximum 
moment .Mu (already computed), by the ordinate* found from the 
diagram. Similarly, the value of tin* intensity of pressure at a 
given point may be* determined by multiplying the intensity of 
pressure* under the wheel load by the ordinate for pressure at a 
given point obtained from the diagram. 

As an illustration, consider a 100 lb. rail section (1--41; ami 
*bat, for flu* track conditions, u= 1500 lb. per inch of length of 
rail per inch of depression X! is found to la* 34 in. For a point 

00 in. from the wheel load, the abscissa ratio is then X = ^ 

Xj i/4 

104. From the master diagram (Figure 5), the bending moment 
ratio at the abscissa ratio, 104, is— 0 20; that is, the 
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bending moment of (Hi in. from tin* wheel load is 0‘20 of (lint ol 
(lie wheel load, and is negative. By Equation (S) (lie liiaxiiimm 
moment M # is 10 N I*. The bending moment at a point (Hi iu. 
from the wheel load is then the product of M„ and- 020, whirl, 
in— 0'21(i 1*. For the same point (x-=(Hi inch), (lie relative value 
of the intensity of pressure at the wheel load, p# is O'Ollo 1*. 
The pressure 66 in. away is then the product of p 0 by 0-22, which 
is 0 0025 P. 
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SO 

It nmf be well to call si Mention to the effect of changes in the 
various properties of track oil the resulting track depressions and 
bending moments, in raft, as indicated by the several equations 
already given for a single wheel load. Front Equation (0) it. is 
seen that y 0 the track depression under the wheel, varies directly 
as the magnitude of the wheel load, l\ and that it varies inversely 
as tin* fourth root of (lie moment of inertia of the rail section and 
inversely as the three- 'fourths power of the modulus of elasticity 
of rail support. I»v this formula, doubling the moment, of inertia 
of the rail section will result in a track depression under the wheel 
N4 per cent, as great as that for the lighter rail . Increasing the 
stiffness of the track support in such way as to double the modulus 
of (‘last icily of rail support will result in a track depression off per 
cent, as great as that of less still* track. From Equation (N) it is 
seei i that M Q tin* bending moment in the rail under the wheel, 
varies directly as the magnitude of the wheel load, p, and that it 
varies directly as the fourth root ol the moment of inertia of the 
rail section and inversely as the fourth root of I he modulus of 
elasticity of rail-support. Hy this formula, doubling the 
moment of inertia of the rail section will result in a bending 
moment in the rail under the wheel I lb times as great as that of 
the lighter rail. Increasing tin* stillness of the track support in 
such way as to double the* modulus of elasticity of rail-support, 
will result in a bending moment in the rail under the wheel N4 per 
cent, as great as that for tin* less stiff’ track. It should be noted 
that the foregoing applies to results for a single wheel load on a 
rail, the effect of two or more wheel loads is discussed in the 
following article. 

ti. Combination of ir/irrJ load*. To find the effect of a combina 
tion of wheel loads on (be track depressions and the pressures and 
the bending moment in the rail, as ma\ occur with a given type of 
locomotive, t he equations and diagrams for a single 1 wheel load may 
he applied b\ the use of the principle of superposition, t. c. , by * on- 
sidering that, at a given point along I lie rail, the combined effect of 
two or more wheel loads is the algebraic sum of the effects of the 
individual wheel loads. Tin* effect which each wheel produces at 
any given point may be determined from the master diagrams 
(Figure r»», and the cumulative effect of the several loads may then 
be found by adding tin* components produced by each wheel load. 
This method of superposition of components is applicable to bending 
moments as well as to track depressions and pressures. The method 
may best be described by an illustrative example. 

Take a Mikado locomotive, with the wheel loads and wheel 
spacings given in Figure (I, "and let the problem be to calculate the 
bending moments in the rail at various points. In using Figure 5, 



IIARVEY ON STRENGTH AND WEAR OF RAILS. 31 


take as 1 lie abscissa 1 lie ratio. 


when* x is the distance from 


the given point to the wheel load the Effect of which is to be 
determined and x l is the distance from the wheel to the point of zevo 
bending moment in the ease of a single wheel load. The bending 
moments will be obtained in terms of the maximum bending moment 
fora single wheel load (Equation (Xj ). 

Fig. 0. Rending Moments and Track Depiessions for Mikado Locomotive 
from A nah sis, 1 00 lbs i ail. 



M 0 1 >0 e & Ife 3 0-004007 74 f> P- *7500 lb. 



To (ind the bending moment produced by a wheel load at a. 
seetimi in the rail \ distant from the wheel load, take from the 
moment diagram in Figure ft the ordinate 1 (which gi\es relative 
values of bending moments) corresponding to tin* given abscissa 


ratio, — . The values may best be* kept as relative* values ami con- 

x t 

sidered as elfe»e*<s of the* sexeral wheel loads until the* eomponents 
have* been summed. The beading lnoincnl at the given point. may 
then be found by multiplying the maximum bending moment tor a 
single wheel load (as found from Equation (X) ) by the* ratio found 
by the summation of components. Where the* wheel loads are 
unequal, use the ratio of the* wheel loads in the* calculations, thus, 
if the effect of the pilot truck wheel on a point at (lie first driver is 

, , , ’ .. 1 2,500 

to be iouud, use the ratio 2 7 ~ 5 ()0 ‘ 

Consider that the track conditions are such that the modulus 
of elasticity of rail-support, u, is 1,500 lb. per inch of leugth of rail 
per inch of depression. Consider a. 100 lb. rail section, wit it 1-44. 
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The vain* of t ho bending moment under a wheel load, where un- 
influenced by other whorl loads, brroiars, for the constants ot the 
track, from Equation (X), M (| --- 10-X I*. From Equation (7), x =34 
inch. For I lie distance from the first driver trfthe pilot track wheel 

the abscissa ratio, is — ■ — -3 - 0ti. For tin* distance from the 


(>(i 


lirst driver to Hie 2nd driver the abscissa ratio, ~ is — =J !>4. 

, x, 34 

For the distance from the fourth driver to the trailer the abscissa 
, x • 1-^ 

ratio, is - Take ordinates i roiu tin* Figure 5 for Hu* 

several abscissa ratios. r i Ik* etieets ol llu* several wheels are then 
found, and these components arc added algchraicall v. 

Mending .Moment at First Driver 
Filer f of first driver 


Filer! of pilot truck wheel — ;5 -Ofi \ — ()■ [:] X — - 

\x, ) a7:» 

Fllerf of second driver ^ X = J * 0 1^ 

Ftfcct of third driver -.‘FSS^ 


>00 

>00 


+ J00 

ooti 

()L>(> 
005 


-I 000 

Tin* bending moment at the first driver is then 0*00 of that due 
to the weight of the first driver if it acted atom*. The bending 
moment at this point becomes M 0 0!) M () =7*45 V 205,000 Lb. -inch. 
Mending moment at Second driver:- 
lOffeet of second driver . . 


Fllerf of lirst dri 


^ 1-iU 


) 


/ x 

aver I 

V* 

Effect of third driver — Jd)}^ 

Effect of fourth driver =3*xx^ 

\ x . / 

Effect of pilot truck wheel f * — r,*ot— 00x 

\x. / 27.)00 


+ 101) 

- ()’2o 

- 0-20 

- 005 

__ 0 00 

+“o : !>r> 


The bending moment at the second driver is then 055 of that due 
to the weight- of the second driver if it acted alone. The moment 
at lliis point becomes M 0 55 M () -5 !)I I* 103,000 lb. inch. 

Rending Moment at Trailer: — 


Effect of trailer load 
Effect of fourth driver 


C,= ;ra ) 


x \ , 27500 

=3 I — 0 OS x 


Effect of first tender wheel =4 ’0^— 0*04: 


20000 “ 

20000 

20000 + 085 


+ 100 
O'll 
004 
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The bending moment at Mie trailer is then 0 S5 of that (fue to the 
trailer load if it acted alone, and the bending moment is O’ So 
M 0 = tH« V !K4,000 lb. -inch. 

The method may be applied in a similar way to the determina- 
tion of the bending moments at points away from wheel loads. The 
values of the negative bending moment may thus he found. Figure 
(i shows in a general way the distribution of bending moments for 
tin* conditions assumed in the preceding illustration and for the 
locomotive shown. The light lilies show tin* moment produced bj 
the individual loads, the heavy line is the resultant moment due to 
the combination of wheel loads. 

If the weights on the several drivers Hitler, as in the ease with 
the Mikado locomotive of the Illinois (Vntral Railroad used in the 
tests, the dill'erence in the wheel loads may easily be taken into 
account in the calculations. 

The irack depressions caused by the assumed locomotive loading 
may be calculated by a similar process. 

At any point along the rail Jhc components of track depressions 
caused by the individual wheel loads are found, and their algebraic 
sum gives the track depression resulting from the combination of 
loads. The values may be taken from Figure o (which gives track 
depressions in terms of y 0 , the depression under single wheel load) 

for any given value of where \ is the distance ft*om the given 

Xi 

point on tin* rail to the wheel load the effect, of which on the irack 
depression is to be determined and \ ] is the distance from the 
wheel to the point of zero bending moment, in the cast* of a single 
wheel load. The values of the ratios thus found for the etVcct of the 
several loads ma\ then be added algebraically, Hu* product of this 
resultant ratio and y 0 is Hu* resultant track depression dm* to the 
combiifation of loads. Figure t> illustrates Hu* track depression for 
the Mikado locomotive used in the example illustrating tin* method 
of calculating bending moments. The light lines show the irack 
depression produced by the individual wheel loads, Hu* heavy line is 
the resultant- track of depression due to the combination of wheel 
loads. To illustrate the method of calculation, consider the case 
of track depression under the first driver, as follows 


Effect of first driver 


... + 100 

Effect of pilot truck wheel j 

(r »“) 

* ■v 

x MO 

Effect of second driver | 

( = 1! ' 4 ) 

+ 0-23 

Effect of third driver | 

e, - •*> 

- 0 04 

+ Ti> 
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Tin* track depression at the lirst driver is then 1\11) times that 
due to 11k* weight of 11k* firs! driver if it ai led alone. Siuee v 0 , thr 
depression under tlie tirst driver aiding alone (from Equation (5i> i 
would lx* 0 (10000771 V () 210 in. for the conditions already assumed 
for the track, the track depression at tins jioiid will lie 1-10 v 0 =0 , 25*J 
in. The heavy line in Figure (> gives the resulting traek depressions 
at all points along the locomotive. The vertical pressures may he 
found from i lie track depressions hy the use of the modulus ot 
elasticity of rail-support, u. 

Figures 7 and S give values of bending momeift in rail and track 
depressions for an Atlantic locomotive having the wheel loads and 
wheel spacing shown, the former for the worn No lb. rail section 
used on the lest track, and tin* latter for (la* 1H5 lb, rail section, the 
value of u being 1.100 lb. per in. per in. 

Figure 0 gives valu«*s of bending moinent in i*;ii 1 and track 
depression foi* a single car having the loads shown, and Figure 10 
gives values for tin* truck wheels of two adjacent cars, the rail tming 
tic* worn So lb. section of the test track on I lu* Illinois tYntral Rail- 
road and the \alue of u being laOO lb. per in. per in. 

It is seen that, by the method here described, the elfcrf of a com- 
bination or two or more wheel loads on the track depression and the 
bending moment in rail may be determined for t lie condil ion of con- 
tinuous support here assumed. It is evident that a second wheel 
% 

Fig. 7. Heading Moments and Track Depressions for Atlantic Locomotive 
i'lom Analysis, So lbs. rail. 
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Kig. 8. Heading Moments ami Track Depressions for Atlantic Locomotive 
from Analysis, L2a lbs, rail. 
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load placed within a limited distance from another wheel will cause 
a smaller heading moment to he produced in the rail at the wheel, 
and likewise a larger Hack depression than would he produced 
with a single wheel load. The distance between wheels for which 
there will he a reduction in bending moment at flie lirst wheel will 
depend on the rail section used and on the modulus of elasticity of 
rail support. A third wheel within this limit ing distance (usually 
on the other side of tin* first wheel) w ill also act to decrease still 
flirt liar the bending moment in the rail at the lirst wheeL Tin* effect 
Fig J). Heading Moments and Track Popiesshms for loaded ear, from 

Analysis, 8o lbs. rail. 
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Rending Moments ami Track Depressions lot Ducks of t 
adjacent cars, from Analysis, lbs. rail. 

Wheel Load, P 20,000 lb. 



of changes in the values of tlie nionieiil of inertia of llu* rail sen ion 
and of the modulus of elasticity of rail-support on the magnil mle 
of flu* bending nioments and track depressions will' depend on the 
spacing of the wheels. For any gi\eu wheel loading and sparing, 
this elfeet may he readily determined. 


7. Jhxru'ixioti of Applicability of Analyst*. From the foregoing 
illustrations it is seen that the method of applying the analysis is 
not eomplieated. It is readily applied to determining 1 he effect of 
a eomhination of wheel loads having any arrangement and any 
spacing, and takes into account ( he effect of the rail seetion used 
and the stillness of the track. Although the cross-ties constitute 
a discout inuoux support , their width forms a considerable part of 
the rail length, and, as I lu* distance from a single wheel load to tin* 
point where the track depression is zero covers from four to six tic* 
splicings, in such track as that on which tin* tests were made, the 
assumption of continuous support may not he expected to be 
generally much in error for the usual conditions of good track, 
especially as the method used for determining the value of the 
modulus of elasticity of rail-support will carry into this value some 
of the conditions attending the discontinuous support. Naturally, 
the magnitude of the modulus of elasticity of rail-support will 
depend on the size and spacing of the ties, the quality and depth of 
the ballast, the stiffness of the roadway, and the general condition 
of the track, and this property of track is one which must be 
determined by tests at different locations and under a considerable 
range of conditions. 
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It. may appear at first thought that the assumption involved in 
t lie analysis that the rail-support is eapahle of developing negative 
pressures — may interfere with the aecuraey of the results. $iuce 
there is play betweeji the rail and the spikes, ;i nd sinee the ties 
cannot be expected to pull down on the rail, at least until there is 
some upward movement of t h<- rail, there will be a region ahead of 
or behind a single wheel where little negative pressure may be 
developed in the track. However, in a combination of wheel loads, 
with the spacing usually found in locomotives, the effect of adjacent 
wheel loads in the analysis is such that there will he no negative 
pressure except ahead of the pilot truck wheel, and here the. weight 
of the rail itself will assist in developing the negative pressure. In 
the case of cars, the analysis may give negative pressures at a point 
between the front and rear trucks of a car, Imt not between that of 
one car and the next. It maybe expected that the absence of 
resistance to the upward movement of ilir rail, as shown by u rail 
lifting from the tie, will tend to increase Ihc bending moment in the 
rail at the lirst wheel over that given if the negative pressure were 
developed. * 

Perhaps a more serious element affecting the accuracy of this 
analysis, and of any analysis which could mtdily be applied to com- 
binations of wheel loads, lies in the fad that at small loads the 
magnitude of tin* track depression ma\ be greater accordingly than 
at large loads, in other words, that the* modulus of elasticity of rail- 
support is not a constant— a condition which may exist when the 
track is in a poorly tamped condition. However, for Hie heavier 
wheel loads, like the drivers and trailer, this inlluence may nor be 
very important. For a condition where the modulus of elasticity 
o{ rail-support is not a constant, the principle of superposition, 
which is utilised iu most methods of analysis involving' flexure of 
structure, is not applicable, and hence any treatment based on the 
actual relation between pressure and depression will be altogether 
too complicated for any practical use. 

It may not be expected that any method of analysis will give 
results that will fit accurately with experimental values. The 
variables of track are numerous and uncertain. Notwithstanding 
this, a usable analytical treatment is of great value in the com- 
parison of experimental data and in acquiring a conception of the 
fundamentals of track action. It is believed that the analysis here, 
given is acceptable from most points of view. Possibly in the future 
it may be found practicable to make empirical modifications of it 
which will tit more closely the data of tests. 

# * * * 
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:U). Form of Presentation* — In reporting tin* results of the 
tests, the effort has been made to present on 1 ^ those matters vvhieh 
seem to have a hearing on the fundamentals of track action and the 
problems of track, and to give the essential results, free as far as 
possible from the mass of details of the test data. When it is stated 
that the tests have involved the making, reading, recording, and 
reducing of more than 200,000 observations on rail strains alone, 
the need for presenting only the essentials will be apparent. 
Generally speaking, only average's of a considerable number of 
values are presented. Some use of individual results will be made 
in tin* discussion on the variation of individual values from the 
average value. It has been thought best to present the results 
largely in graphical form. This method allows general comparison 
to be made readily. Tabular values are also given for some of the 
principal results. 

The results presented in this report relate principally to stresses 
in rail and to the depression of trad; as a whole. The action of the 
tie, the transmission of pressure through ballast and roadway, and 
other related matters must be reserved for a later report. 

Data re’ating to depression of track under one-axle load, two- 
axle load, and loromoti\e loading under static conditions will lirst 
be presented, then data on stresses in rail for these loadings and for 
moving load tests with locomotives, and, following these a general 
discussion ot the effect of speed, iullucnec of rail section, effect of 
wheel spacing, condition of track, etc. 

.‘Iff. Depression of Truck under food. --Flexibility, elasticity, and 
stiffness are important properties of railroad track. The quality of 
the track is affected by variations in these* properties. It is ap- 
parent even to a casual observer that the* track depresses under 
wheel loads. The weight from tin* wheel load is distributed by the 
rail among adjacent ties, and vertical pressures are set up in ties, 
ballast and roadway. The pressures transmitted by rail, tie, 
ballast, and roadway compress or otherwise deform these various 
purls of tin* track structure, the vertical deformation and move- 
ment of the different parts together forming the total track depres- 
sion. Generally speaking, tin* action has the nature of elastic 
deformation, and, when the wheel load is removed, the track 
resumes its normal position, wholly or partly, according to the 
condition of the track and the nature and weight of the load. The 
stiffness and flexibility of track are dependent on the section of the 
rail and its flexural properties, the dimensions and spacing of the 
ties, and the nature, quality, and condition of the ballast and road- 
way. 
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At this place no effort will he made to analyse the parts played 
by the rails, ties, ballast, and roadway in making up the track 
depression. The total depression will be reported-- the combined 
effect of rail, tie, ballast and roadway. At another time a dis- 
cussion will be made of (lie relation between the deformations of the 
several parts of the track structure. The following general state- 
ment. is given as an estimate of the division of the depressions in 
the various parts, in what may be called good track, under the 
drivers of a Mikado locomotive : compression of the tie under the 
rail and effect of bending of tie to bring it to full bearing on the 
ballast along its length, 0 05 in., compression ot 21 in. of stone 
ballast immediately under the rail, 0 ir> in., compression of road- 
way immediately under rail, 0 15 in. The bending of the rail 
between the ties is slight, the dellectiou of the rail between two 
adjacent tics under the weight of the driver of a- Mikado locomotive 
on <S5-lb. rail amounting to not more than 0 01 in. in a tic spacing 
of 22 in. For heavier rails, the dellectiou, of course will be less. 

Whether the magnitude of 11 k* track depression is directly 
proportional to the load applied, or varies considerably from direct 
proportionality, is dependent on the nature of tin* tiuek and its 
condition. For the best track in well tamped condition (freshly 
surfaced), the tests indicate that ihe relation between the load and 
1 ho resulting depression approaches direct proportionality, that is 
the depression of the track is directly proportional to the load 
applied. For mediocre track and track which is not well kept up, 
it is e\ident from the results of tin* tests that the lirst part of the 
load applied produces a greater depression than a later equal 
additional increment of load. The effect of this on stress in the 
track is important. 

The foregoing refers to the relation between vertical pressures 
and the resulting vertical deformations or depressions at any 
point along the line of the rail, both at and away from the wheel 
load. Away from the load, the pressure of the rail on the tie will 
vary from fie to tie, and therefore the consequent depression will 
vary, but, at any point, the downward pressure ol* the rail and the 
upward pressure of the tie must, of course, be* equal to each 
other. In the tests, the magnitude of tin* t rack depression along 
the rail has been measured and the distribution of vertical pressure 
among the ties may be estimated from the data obtained. Records 
of results will be given of track depression for one-axle load, two- 
axle load, and locomotive loading. 

****** 
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4,‘b Stresses in Hail : Static Load Texts with Mikado Loc<h 
motive . — In Figs, (>0 and 07 are given stress-distribution profiles 
for static load tests with the Mikado locomotive on rail of t X5 ll>. 
and 100 ll>. section on the (est sections of truck on the Illinois 
(Central Railroad. For the So- lb. section, tests were made on 
three depths of ballast and two sizes of tie's: for the 1001b. section 
tests we're made, on one 1 depth of ballast. In all these tests the* 
track was in a freshly tamped condition. 

The stress- distribution diagrams give' a very good indication 
of the variation in stresses along the rail with respect to the' peti- 
tion of the wheel loads. The maximum stresses in the* rail are* 
directly under the wheels, pe>sitive moment being devedoped at 
these points. Negative moments occur at points between the 
wheels. The stress under the* inner two drivers is generally loss 
than that uneler the' outer drivers and that under the front driver 
is generally somewhat greater than that under the* r<*ar driver. In 
the* upper diagram of Fig. til, the stress under the* front driver is 
quite low. The values j dot, ted on this diagram are the* average of 
two sets at the same spot, tin* locomotive used in the second not 
being the one used in the first test. The results of the two sets 
are concordant. Another peculiarity of this diagram is that the 
stresses under the inner drivers are higher than wottld be expected. 
It will be seen that the* highest negative moment in all these* tests is 
between ihe front truck wheel and the* front driver. The* stress 
here range's from 10 to 00 per cent, of that elcvedoped under the 
front drive*]*. The* stress under the* trailer is ne*arly as much as 
that under the outer drivers, although the* load on the trailer is 
only about three-quarters as much as that on a driver. (Van par- 
ing these stress-distribution diagrams with Fig. 0, whicli^was 
obtained from the analysis/ of track action, it is seen that the 
general form of the curves and the way in which the stresses \ary 
with respect to the position of the wheel loads are quite similar. 
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Fig. titi. Stress Distribution Diagrams. 

Static load tests on Illinois Central Railroad with Mikado Locomotive. 




47. Modulus of Elasticity of Railway-support. — Tin* term 
“modulus of elasticity of rail support” has already been delined 
as the pressure per unit of length of each rail required to depress 
the track one unit. It measures the vertical stiffness of the 
support of the rail. The magnitude of the modulus of elasticity of 
rail-support is dependent on a number of elements, such as the 
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compressibility of the tie mid its flexure stiffness, the breadth and 
length of tin* tie, the tit 1 sparing, the character of the 
bearing of the tie on the ballast, the thickness, solidification, 
and stiffness of the ballast, the native of the roadway, 
and the way in which the pressures arc distributed over it. As 
the stresses developed in the rail and the division of load among 
tie reactions are affected directly by the magnitude of the modulus 
of elasticity of rail-support, this modulus may serve as one criterion 
of the quality of track. It will be of interest, therefore, to learn 
what rangi 1 of values of the modulus of elasticity of rail-support 
may bo expected for various kinds and conditions of Irack. 

The dejinition of the term implies that the modulus of elasticity 
of rail-support is a constant for any given condition of track, that 
the track has the usual property of an elastic body. In the dis- 
cussion of the data on track depression, it was shown that tin* 
depression of track may not. he proportional to the hunt applied, 
under such conditions, the modulus of elasticity of rail-support 
would not be a constant. The tests indicate conditions of track 
which may bo classified in three groups : The plotted depressions 
may give a straight line passing through the origin, as at a t Figure 
10(1, denoting a constant modulus of elasticity — a condition which 
may be expected in well-tamped track, and whore (1 m* tie has a full 
hearing immediately below the rail and lor some distance each 
way along its length, even when only a small load is applied. The 
plotted depression may form a straight line which passes to the 
right of the origin, as at f), denoting that* some condition exists 
such as the presence ot some play between tie ami ballast imme 
diately below the rail ueecssitut ing tin* bending of tin* tie before a 
full and tail* bearing is obtained along its length, in t his case t he de 
pression may be found by the 1 use of a constant modulus of elasticity 
of rail-support plus a constant. At c. the condition is similar, 
except that tin* points do not give a straight line relation, in this 
case the relation of depression to load may lie approximated by a 
constant modulus of elasticity of rail-support drawn to pass the 
points somewhat as shown in the figure. For track in poor condi- 
tion, the relation of depression to load may be expected to vary 
from the straight line relation even more than shown in the figure. 
As conditions of track vary greatly, the relation between track 
depression and load may bo expected to (.over a considerable range 
of values and conditions. It is evident that iho constant modulus 
of elasticity of rail support applies very well to the conditions of 
best track, and that, for poor and indifferent track, the actual 
relation between depression and load departs considerably from a 
straight line relation. * 
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Values of tire modulus of elasticity of rail support have been* 
calculated from the data of the track depressions by adding the 
depressions at the several ties for the length of the depressed track 
<0* for the length for which the loads used are considered to affect 
the track depressions. The total load on the wheels Avit hill the 
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length used was then divided by the number of lies in this length, 
and by tin* tic spacing, in inches. The values of (1 ic modulus of 
elasticity of rail support are thus given in pounds per inch of 
length of rail per inch of depression. Tin 4 symbol, it, is used 
to represent il. A continuous load of tt pounds pm* inch 
TABLE t.~ Values of Modulus ol Hlaxticity of Bail-Support. 


Depth ' 



85 Ml. KAIL 

too LB RAIL 

125 LB 

RAIL. 

of 

Size of 

Condition 






_ 


K.dl'lst 

ties in 

of 




T wo 


One 

in 

inches 

I imping. 

Loci)- One 

T w i 

I oco- One 

1 oco- 

inches 


motive Axle 

Axle 

liioloe Axle 

Axle 

motive 

Axle 

2* 

6 hy 8 

lie fore 

1 170 

1 ISO 


1 090 


1 640* 


. . 1 100 


. , . • 1 OSI) 

1 100 


1 520 x 




... 1 <>40 


l 050 



1 600 






ShO 1 










- 




Average 

1 IVI 

1 ISO 

... 1 000 

1 090 


1 690 

24 ; 

6 by 8 

After 

, 1 65ft 1 

j 

1 510 : 1 710 j 


1 J 540 

1 920 



! i m i 


1 KVl [ 


I 420 

i I 840 




I i 570 ; 




1 HOft 

1 560 




i ; 


1 


I 830 

2 010 




I 

! 



, 1 380 






! 

j* *■ 


■ 

_ L 

Average 

1 630 

i 


! 1 510 , 1 570 


l 590 

1 1 380 

* This track, marked as 
after tamping." 

" before tamping,” seemed to be in 

as good condition as 





41 


THE INSTITUTION OF ENGINEERS (INDIA). 


Depth of 
ballast 
in 

inches. 


Si/.e of 
ties, in 
inches. 


12 


6 bv 8 


85 LB. RAIL. 

Before Tamping. j After Taming. 


I.oco- 

One 

Two 

Loco- 

One I 

motive. 

Axle. 

Axle 

motive. 

Axle. 1 


i 

i 

880' 

* 910* 

WO 

, ~ i 

RIO ■ 


: 9 lie 

950* 

1 040 

1 000 


9.10* 


1 000 

940 * . . . 


1 270* 

J 2 L0 X 






i J J 

- - i 


12 


6 


Average 

7 by 9 

i 030 

1 

1 1 300 

1 500 

930 1 

i 

800 i 
870 i 
950 : 

. . 1 . 

l 010 ! 

1 230 ; 

1 110 

1 150 

920 ' 

I I/O 

890 

880 

980 

; j j 90 



Average 

1 260 1 

1 

870 1 

1 160 

1 170 

9.30 

6 by 8 


970 ‘ 

090 ‘ 




| 810 j 

880 ! 

1 100 




’ > 7Mll 


I 030 




1 | Dirt 1 


1 180 

i , 



1 1 1 ) 11 ) 




Average 

i - - i 

; 1 020 ! 

| 

920 

I 080 

j 

• i* ' v 



* This track, marked as “before tamping," seemed to he in as good conditions as 
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of mil on oiirli mil won hi depress tin* truck 1 inch. 
For the locomotive loading, in computing * t lie motiulns of 
elasticity of mil support tin 4 lotsil truck depression was 
used, flit* static tests with locomotive writ* ;i1 1 made oil track in 
well tamped condition. For the one-ox lo and two-axle load tests, 
the lines of the load-depression diagrams were studied and hero 
some allowance was made for the play at light load for track con- 
ditions which gave indications of such play, net track depressions 
being used for tin* calculations, hi some cases a general compro- 
mise straight, line was used. Tin 4 values reported are given 
tentatively, and may need empirical modifications later in order 
to lit into other experimental data. 


Table 1 gives the values of the modulus of elasticity of rail- 
support as calculated from the track depression. The conditions 
of track are not stated very definitely but* even in track marked 
“before tampiug ” the track was in good surface, and only in a 
few instances was it in need of tamping. The values derived" from 
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the tests for the different methods of loading on the same track ' 
agree very well. Tliere seems to he some tendency toward a higher 
value of the modulus in the (rack having the heaviest rail. It is 
apparent that the character and condition ot the track greatly 
influence the magnitude of the modulus of elasticity of raii- 
support. The value for the modulus on the track of the Illinois 
Central Railroad with 24 -inch ballast may he taken as about 
1,(100 lb. per inch. This test stretch is on rhc north-bound track. 
For the track on 0-inch and 12-inch ballast, the values are 
approximately 1,000, except for the track on 7 by 0 inch, tics, 
where the values are higher, say, about 1,200. These last, named 
stretches of test track arc on the south hound track. Although the 
embankment for the two tracks was built at different times, it is 
not known that the two parts of the embankment have any special 
differences in condition. In all these test stretches, there is a 
tie sparing of 22 inches where the tests were nhide. For the track 
used for freight service, which was ballasted with 0 inches of 
cinders in not very compact conditions. I he value of the modulus 
of elasticity of rail-support is about 750. For the track of 
Champaign and Havana liranch of the Illinois Central Railroad, 
with about 6 inches of tine cinder ballast above a light embankment 
o (Mourn, lie spacing varying from 22 to 20 inches (501b. rail), Ibc 
modulus of elasticity of rail-support found was about 550. At 
the time, the track was not in good condition at the point, where 
ihe test was made. Some of the lies were partly decayed. 

For tin* track of the Delaware, Lackawanna and Western Rail- 
road, information on the depression of track and the condition of 
the track is not complete, and only an estimated value of (he 
modulus, of elasticity of rail-support, cun be*given. This track was 
evidently stiller than that of the Illinois Central Railroad. Tin* 
value, 2.200 lb. per inch, is probably representative of this track. 
The track had Is indies of trap rock ballast below the tie, and tin* 
material of the roadwa.N below was such that it was very solid. Tin* 
spacing of (he 7 by 0 inches by K feel 0 inches ties averaged about 22 
inches. 


* * * * 

40. Effect of speed . — The position of the plot ted points in 
Figures 09 to 91 indicates that a rectilinear relation between stress 
in rail and speed of locomotive fits the data more generally and 
more satisfactorily than any other form. The variations of tin* 
plotted points from the straight lines of the diagrams are generally 
not greater than may be expected when variations in conditions of 
track and locomotive, errors of instruments find observations and 
other accidental causes of variation are taken into account. 
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(Senernlly, for any tests, Die* lines of a diagram sire parallel, or 
iH'nrly so. * 

Table 1 S gives Naim's *f the increase in stress dm* to spe*ed, as 
obtained from the reetilinear relation of the diagrams. In ilia 
eohmms marked A the increase* is expressed as pound per square 
iiieh increvise* in stress for esu-li m i U k per hour increase in speed 
greater than o miles pen* hour, hi the columns marked J>, the 1 effect 
of speed is given as a pei cent age of Ihe stress in the* rail at o miles 
pe*r hour for e*aeh mile per hour increase of speed greater than 5 
miles per hour. It will be* se*en that the* n allies for the* increase 
for positive* monienf range from about (K> to 1*2 per cent, increase 
for eae-h mile* per hour iue*rease in spe*e*d. Values higher than 
IH1 j 0 * 1 - cent. are* femuel in a number of* e*ase*s. 

The* increase found in the* tests on the* l)e*Iaware*. Lackawanna, 
and Western Hailroad, given in table b, are of the* same character, 
but the* value s are si*me*w hat smaller (Imu those* femuel in the* le*sts 
on the I llinois Cent ral Railroad. 

It will be ne>1e*el that Ihe e*lfe*e*l of spe*e<l for the* different rail 
seel ions ghen in the* table's shows considerable variatiem. The 
cause of tlrnse \arialioiis is not known. II may be* elm* partly 1o 
Ihe* track, partly to tin* locomotives, and parth te> accidental coisli 
(ie>ns e»l‘ the runs at the* le*sts. Although l In* runs were* all uciele* 
with tlie eounlerweight in its lowest position as ii passed the* middle* 
instrument, some* of the tests were* m ule with tin* three instru- 
ments on Die rail at the right side e>f the locomotive ami some with 
the* thre*e i list rumemts at Die* le*l‘t side, hene*e, in erne* e*ase* Du* counter 
weights mi the* edlier siele e>1‘ the* loenmntive opposite the three* in- 
struments were* alrnnd, and in Du* other case* behind, the position 
of the* middle* insl rum«*nl . A study of I lie* tests snows mi variations 
trae 4 (*able* !e> Die*se* de*fe*rcnce*s of cemelit ions. 

The* header rail section ap]>e*ars te> give* a somewhat higher pro- 
portional increase of stress with increase of speed than the* 
Iighte*r. The* imlications in the te*sts on track of the* Illinois 
Central Railroad arc I hat Die Mikado locomotive* gives a rate of 
increase somewhat gmiter than the Atlantic and the Pacific. The 
temeie*r trucks give* a still higher rate* of increase, though, of 
course*, Die* amount of the* stress is less than that under tin* 
drivers. 

The prope>rtie>nal ine- reuse in the stress fen* negative imnuent is 
large* and rather im*gulai\ as would be* expected from the smaller 
value of this stre*ss ami greater variations e^f conditions to which 
it is subjected. The* sum rtf the stresses for positive and negative 
moment shows greater uniformity in the tests than does either set 
of stresses. r 
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STABLE 8.*- Increase iii Stioss iii Bail Due to Speed 
Tests on Illinois (Vntnd Railroad. 
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Exceptions from uniformity of net ion are found in 11m tests. 
In Fig N:J, the stresses under the rear drivel are less a! high speeds 
than at low speeds, and the data at < lie several speeds are eon 
sistent. In other instances, one driver or one truck wheel shows 
a much liiglier increase willi speed than do the other wheel. 

It should he remembered that the diagrams and tests give tin* 
average of a large number of runs, and. of course, the increases 
found for individual runs are consideraldv greater than the 
average values. 

No discussion of the cause of the increased stress at the higher 
speeds will be made at (be present time. 

* * * * 

f>3. Relation of the stress on the Tiro Side# of the RaiL — It 
may appear natural to think that, since the wheel load is a vertical 
load, the flexural action in the rail will be such that the liber 
stress will be uniform all the way across the base of the rail. 
Even if the pressure of the wheel is not applied centrally over the 
head of the rail, the effects of this eccentricity of loading will be 
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to produce vertical llexural stresses in the rail and probably a 
torsional effect, little lateral horizontal bending of the rail may 
be expected to result from this source. In planning the tests, 
lateral bending of the rail was not expended to be an important 
element. In the earlier test work, therefore,# the strain measure 
meiits with both the strain gauge and the st remmatograph were 
made at one edge of the base of the rail only, the outeredfte being 
used because of its greater convenience. The st remmJitogmpli tests 
showed marked irregularities and seemingly erratic, results, which 
were unexplainable on the ordinary assumption, and steps were 
taken to find the source of the. variations. Tests were made with 
the position of the stremm olograph re\ersed on the rail, in order 
to measure the deformation at the inner edge, and the results 
were compared with those found with the measurements at the 
outer edge of the rail, all other conditions as to track, position 
of locomotive, and speed remaining the same. The average of the 
stremniatograph measurements at the two edges of the base of 
rail was found to be fairly uniform and consistent for rims which 
were comparable, but the stress at one end was usually different 
from that at the other, sometimes more than twice as great, 
(lenerally speaking, the higher value was found at the outer edge 
of the rail. The instruments already made were then rebuilt in 
such way that, each stremniatograph measured the deformation 
both at the inner and outer edges of tin* base of rail, and this im- 
provement was followed in instruments made thereafter. D may 
be added that, in static fesls with a locomotive, the results of 
measurements made* with a strain gauge showed differences in 
stresses at. the two edges which were quite similar to the results 
found in the moving- load tests, and that static tests made with 
the loading device showed little difference in stress on the two 
sides of the rail. 

As another check on the phenomenon, measurements were 
made at the base of the rail, to see whether tin* rail showed lateral 
movement as the wheel moved by. It was observed that there was 
an outward movement at the base of the rail immediately under 
the wheel and an inward movement, at a point between wheels, the 
rail thus forming along the length of the locomotive a horizontal 
curve something like a sinusoid. A similar outward and inward 
movement occurred in the other rail, and, in the observations 
referred to, tin* movements of both rails Avere outward under a 
given axle and inward at points between axles, in other words, 
the gauge of the base of rail was increased at the wheel points 
and decreased at points "between wheels. This movement was 
small, but it was measurable, ranging from 0 01 inch to 0*03 inch, 
with the 80-lb. rail in the preliminary test referred to. It will be 
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seen, lSiter, that the movement of the* rail Is not always j>f the 
character just described, there being several forms of movement. 


Willi an outward bending of the rail at a point under a wheel 
load, the tensile stress ai the outer edge of (he base of rail is 
increased oVer that due to vertical bending, and with an inward 
bending at a point between wheels, the compressive stress at the 
outer edge of the base of rail is also increased, the stress at the 
inner edge of rail being described in both eases. In the head of the 
rail tin* effect on the stresses is reversed, but, as the head is 
narrower than Hie base, the difference# in stresses at the two sides 
of tin* head of the rail is smaller than that found at the base. 


TABLE 10 — Values of the Ratio of the Stress at One Edge of the Base 
of Bail to the Mean of the Stresses at the Two Edges Prepared 
Test Sections of Track. 
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; J25 Ihs. rail. 0in. x 8 in. x 8 ft. Ties. 24 in Stone Ballaat. 
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Table 10 gives values of tlie ratio of the stress at one edge of the 
base of rail to the mean of the stresses at the I wo edges. Where 
the minus sign is given, the stress at the inner edge is the greater, 
otherwise, that as the outer edge is the greater. The table is a 
sample of the data obtained (the complete data being very volumin- 
ous), and is probably representative of the observations. The values 
giveu are those found by individual instruments, averages of several 
instruments would mask the effect of variations in track and of 
variations in movement of locomotive. In looking over the table, it 
should be borne in mind that the runs were made in such a way 
that the counterweight of the front driver, on the side of the track 
on which there were three instruments, was at . its lowest point as 
it passed the middle instrument, and that the succeeding wheels 
made their records at .a later fime and therefore, the measurement 
of stresses for the several wheels was not made simultaneously. . 
Naturally, the values cover quite a range. There are many ratios 
as high as 1‘30, and a number as great as 1'50 (which means that 
the stress at one edge of the base is 1*86 and three times as greats ' 
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respectively, as the stress at the other edge). The few ratios higher 
than 1*75 doubtless may not be fully reliable. 

The ratios at points midway between wheels (not given in the 
table) run to even higher values, and are more discordant, as might 
be expected from the fact that the magnitude of the stress is less 
than that at points under the wheels. The difference between the 
numerical values of the stresses at the two edges, as njay be 
expected, is in general less at the point between wheels than at 
points under the wheels. 


55. Method of Estimating Maximum Flexural Strew in Fail 
for Given Conditions of Track and Loading . — What maximum 
llexural stress may be developed in a. rail under given conditions of 
track and loading is a matter of considerable interest. In making 
an estimate of the maximum stress, it will be well to start with 
the average stress which may be expected at low speeds for the 
best conditions of track, and introduce a. series of factors covering 
the several sources of increase of variation from average, stress at 
low speeds. Such an equation for flexural stress in the rail is 


f = f n (1 + a) (1 + ft) (1 + c) (1 + d) 



a vc rap stress 
at five miles 
per hour 


spread factor 


) f lateral 'j 
r \ bending ] 
) V factor I 


{ con » of ) f v " y 

l factor ) l factor 


These factors have already been discussed to some extent. The 
average stress at live miles per hour would depend on the locomo- 
tive loading and the nature of the track (rail, ties, ballast, etc.). 
For the “condition of track factor” the presence of low spots, 
defective ties, and oilier imperfect conditions must be considered 
and, even on fairly well kept track, this factor will need considera- 
tion. The Committee plans to discuss in another report the 
magnitude of maximum stress for various conditions of track and 
loading. Tt is evident that the maximum stress which may be 
developed in the rail under usual conditions of track and traffic 
may be much higher than the average stresses found for best track 
at low speeds, and that speed factor, lateral bending factor, condi- 
tion of track factor and variability factor should be recognised in 
making an estimate of maximum stress to which the rail will be 
subjected. ^ 



COLLOIDAL PHENOMENA AND THEIR 
SIGNIFICANCE TO THE STRUCTURAL 

ENGINEER. 

BY 

1. OESTERBLOM , M.E.—Mem. Am. Soc. C.E Etc. 

There is always a conflict between tlie old and the new and it 
is well that it should lx* so, because; contiicl means simple and it 
is only through struggle that the golden Truth is born and started 
on its life of service. There is no reason why the struggle for the 
acceptance 1 of the theory of colloidal behaviour should have been an 
exception to this universal truism. 

A struggle there has been — a struggle there 1 will continue to be: 
inside 1 the ranks of colloidal investigators childly a struggle as re- 
gards matters of detail, outside unfortunately as regards facts, 
which have been well established, but which are none the less denied 
through insufficiency of definite information. 

It is not so long ago when Chemistry was developed from 
Me‘di;eval chaos and superstition to become a modern branch of 
Science. That some of the founders of this Science were 1 unable* to 
see clearly centuries into the future is not a charge against their 
genius. Their task to bring order out of a mass of apparently un- 
related material was index'd great and they did it well. 

I>u! ewe'ii the*s<* mem, specially Ilerzelius and later on a, few 
others, including the' great Faraday, were 1 pursut'd by memories of 
strange* phenomena that their own tlmories were not sufficient to 
explain. Had they been living today there is no doubt that they 
themselves would have been the first to admit the insufficiency of 
their early ideas and to accept the new theories. Hut such is flu* 
spirit of conservation and of loyalty to the past - and a very useful 
spirit it is in preventing a progress which is too fast and may carry 
us beyond sound limits — that some adherents of classical Chemistry 
—not neeessarily Chemists, but^ working in related branches of 
Seieure are not yet ready to surrender. 

At least so it must seem to a layman, who has been watching 
the alternate and antagonistic claims and statements of the 
Michaelis and le Chatelier Schools in regard to & well known and 
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fundamental problem of practical rhemisfrv, viz. Hie hydration 
and hardening of fused and powdered silica in a slightly calcareous 
water. 

Even before the lime of Oralnim it was known that solutions 
behaved differently, Some diffused through a parchment, others 
separated and left a sediment that would not pass. Yet the two 
might appear the same ; both equally clear before filtration or 
dialysis. Oraham noticed that all of the first class under suitable 
conditions deposited as crystals whereas the second settled as glues; 
he therefore established a classification, later on proven to be 
artificial of “Crystalloids” and “Colloids." 

It became Hra ham's big task in lib* to make a special study of 
colloids. Later years have seen other big investigators, such as 
Ereucdlicli, Zsigmondy, Ostwald, Donnan, Svedherg, and Loeb. 

lira ham established the term “Sol" for “Colloidal Solutions, ” 
and this term has now been universally accepted. He also 
establislied tin* term “He 1" for (lie glue like coagulations and 
solidifical ions of the sols. 

The sols from the modern point of view are Suspensions or 
emulsions of a “disperse phase” in a “dispersion medium.” These 
Iavo phrases and many others we owe to Ostwald. The “dispersion 
medium” is a continuous, homogeneous aggregation or molecules, 
usually, but not necessarily, a fluid, most frequently common water. 
The “disperse phase" is a non continuous collection of particles, 
which, to produce colloidal behaviour, must be submicroscopic. in 
size with a correspondingly increased surface area and surface 
energy. On tin* tremendous increase of surface* energy for sub- 
microscopical subdivision many of the apparent, deviations from 
ordinary chemical behaviour seem to depend. If the disperse phase 
is solid the sol is called a “suspensoid," if it is fluid, an “emulsoid. M 

The conditions and methods necessary for the creation of gels 
through processes of condensation and dispersion must be omitted 
entirely from this paper, but the universality of colloidal existence 
as well as its significance for human life should be emphasized. 
The human body is a. typical representation of many different kinds 
of gels. The soils we cultivate are the , disintegrated remains of * 
gels, which have become granulated from the rocks by a process of 
weathering. Big parts of the mountains on which we dw r ell, or to 
which we cast our eyes with longing and desire, are gels, either 
natural or metamorphic or at least through sedimentation. The 
frells of the timbers we use for our dwellings and the fibres and 
iyes in our clothes are colloids. The food avo eat are colloids in a 
variety of shapes. Tron and steel are chiefly colloids, as are, with a 
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few exceptions, the stones and bricks of onr masonry walls. Onr 
protective paints are snspensoids or emnlsoids. The clouds and 
fogs in our skies, the silting and scourinj^in our rivers are colloidal 
processes. It is only recently that these colloids «and related 
colloidal processes have been made a subject of serious and 
systematic study. 

It is not that our investigators have not seen (lie need of serious 
study, but rather that technique and instruments have not been 
sufficiently developed. It was only in IJKffi that Siedentopf and 
Zsigmondy invented the ultra microscope, with the parabolic and 
ultra condensers soon to follow. All previous work had been done 
in very primitive ways. With an ordinary miscroscope one can 
measure down to 200 millionths of a in. in. : while some colloidal 
particles are larger than this, most of them are very much smaller. 

Most of the gels iif nat ure are formed by the aid of water as a 
dispersion medium. These are called “Hydrogels.” In the solidi- 
fication process both the dispersion medium and the disperse phase, 
or in other words both the water and the colloidal dust solidify 
(more or less) into an apparently homogeneous substance. Tf the 
conditions are #fn favourable (here may be floculation or coagulation 
only : if they are favourable there will be solidification even as far 
as to definite fixation of form. 

From an engineering point of view it is significant that a very 
large quantity of water may be absorbed by the colloidal dust in the 
formation of a gel and that a big portion of this water may be re 
jected shortly after the gel has set. The velocity of coagulation 
seems to carry all into solidification, Imt only a part of the water 
may be required for colloidal balance, find the excess is then 
automatically rejected. A gel will then -and specially if the water 
has been in excess-— shrink and crack and fall to pieces, until it be- 
comes thoroughly balanced or “dry.” 

Should the hydrogel Ik* of the kind that assumes definite form 
this rejection of water and subsequent shrinkage will be specially 
noteworthy: it would mean the crumbling and disintegration of 
solid substance, such as the magma of a roc k or the mortar of Port- 
land Cement. 

■v 

The colloidal ba lance as regards water con l ent s of a hydrogel 
would seem lo depend on two factors : The presence of water or 
moisture and (lie vapor pressure or temperature. Should balance 
in this matter not exist it will be automatically restored as far, as 
existing conditions will permit". We have already noted ! tfiat 
excess water will "be rejected ; should a deficiency exist, wfttei* 
be absorbed. The limits of variability on this point are very, far 
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apart : only a small increase in temperature will cause a great in- 
crease in vapor pressure and a correspondingly increased absorp- 
tion of water. 

When a gel absorbs water it increases iu volume but not to au 
equal extent to the volume of the added water; internal stresses 
must therefore occur, also production of heat. Both have been ex- 
perimentally established. The rejection of water follows a slightly 
different curve and the phenomenon as a whole is subject to 
hysteresis. 

llatschek quotes Reinke as having* made (Edometer experi- 
ments on Laminaria cells and shown by direct readings over 40 
atmospheres pressure for a IG per cent, swelling. White experi- 
menting on 1 to o Portland Cement mortar lias shown elongations of 
0*15 per cent, corresponding to a stress, if the restraint were com- 
plete, of not less than 1,500 lbs. per sq. in. In addition to this there 
is the stress due to internal restraint by the colloidal structure. 

By natural or artificial means a hydrogel may be made to reject 
water until colloidal balance has been attained.* A Silica gel 
precipitated by the presence of calcium oxide in water will produce 
a colloidal calcium hydro silicate. According to MOchaelis this is 
the fundamental hardening substance in Portland Cement and 
related products, which during a process of rejection of excess water 
becomes dry and hard and fixed. 

From the view point of Natural Philosophy or Pure Science 
there are an almost endless variety of phenomena that might be 
studied in connection with sols and gels. From the view point of 
structural engineering only two of them, already referred to, are at 
preseu t specially significant, and important, viz. 

1. The setting of certain gels into fixed bodies of definitely 
established shapes and sizes. 

2. The change of the water contents of these fixed gels and in 
connection therewith changes of volume and temperature. 

The semifluid gels are of great interest to the chemical engineer 
and specially so the changes of water contents of these gels ; they 
tire of even more interest to the biologist, but the structural 
engineer in an elementary study may Ctmfine himself to the above 
two phenomena*. 

To review in detail all the more common structural materials 
from the view point of colloidal behaviour would be both instructive 
and interesting. But this unfortunately cannot be done in this 
paper. Space does not permit and the facts are difficult to ascer- 
tain* the manufacturers are those who have been 
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primarily served by the colloidal investigators ; for the structural 
engineers next to nothing lias been done. 

We must turn to the Geologist for auxiliary information, and 
he, unfortunately, does not seem to be a colloidal enthusiast. lie 
expresses himself in terms, of classical chemistry while his domain 
is full of colloidal facts. His terminology is significant.: it is very 
much his own because Geology in one sense is an old science, but it 
synchronizes beautifully with colloidal theory. “Sedimentation” 
expresses a well balanced hardening of a gel- -with or without 
organic or inorganic impurities. “Intrusion” aud “Extrusion’* 
expresses the flow and distribution of gels while they are still fluid 
or semifluid and before the conditions become favourable for harden- 
ing. The “Magma” is almost a colloidal phrase: it is the 
geologist's word for a hardened gel and “weathering” is at least 
one half, if not more, the process of colloidal absorption and rejec- 
tion of water with its destructive si rains, stresses, and temperature 
variations. Clouds and fogs and silt belong almost without change 1 
to colloidal phraseology. 

Clark according to Kies ami Watson gives us the following in- 
formation about, the prevalence of the* elements in the Earth's crust. 


Silicon 

Aluminim 

Tron 

Calcium 

< >\ygen 

I lydrogen 

Miscellaneous 


27 * 7 - 1 % 

7*85 

1-50 

347 

47*33 

0*22 

8*89 


Total ... .. 10000% 


A rough estimate of this sort would seem possible, but the 
decimals in this table arouse suspicion : there seems to be far too 
much refinement. We would also wish to know the depth of the 
Earth’s crust. This is at best doubtful, and unless perfect 
uniformity is assumed — and this would hardly be permissible — the 
results would be very approximate. The Hydrogen contents seem 
to be low; Hydrogen is very light and the figure would be low, but 
it is more likely that both crysfallic and collodial water has been 
omitted. Assuming, however, a rough reliability as regards pro- 
portions it impresses us specially that Silicon is so over abundant. 

Colloidal Hydrosilica Gels have been extensively investigated, 
presumably because during conditions of incomplete technique they 
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were easy to produce*. Nature produced them also in abundance, 
possibly for the same reason. (Quarts with its numerous relations 
and combinations, such ;in, Flint, (iranite, and Uneiss arc natural 
examples. Portland (Vnieiil, mortar and concrete air other 
examples of artificially produced compositions. 

Sam) stone and Lime stone are oilier examples: Sand stone 
a metnmorphic rock Iniill up from the ruins of siliceous Gels and 
Limestone a gel of calcareous origin. Olay, another product of 
special interest is a gel of Alumina. 

While the above are mentioned ii is not denied that the various 
component parts do not occur as Crystals and An lied runs; it is 
merely claimed that tin* principal occurrence is in colloidal condl 
lion. The Earth's crust has been a Colloidal Laboratory of vast 
dimensions. 

It. is charncterist ic of all tin* above rocks and minerals that 
they should occur as fixed or at least as solid gels, either as *i 
homogeneous mass or as an aggregate in a heterogeneous mass in 
which auol her gel forms the cementation rnal (‘rial.*' In the latter 
case the aggregate is not always all gel, a smaller or larger part 
may be crystals, and cryslals may also settle out in the formation 
of the cementation substance, particularly if Magnesium, 
Aluminium, or Iron should reverse their ]iolarity and act with 
calcareous water. In all cases, however, tin* gels retain their 
faculty to absorb or reject water, to expand or to contract due to 
this change of water contents, and to produce or absorb heat 

accordingly. 

Miclmelis many .years ago in his investigation of Portland 
Cement pointed out that excess water causes a considerable 
amount of shrinkage and destruc tion. Oilier gels behave very 
much in the same manner. Should this initial danger of destruc 
lion have been avoided subsequent change of water contents remains 
as a secondary and very substantial danger. 

The Colloidal water is distributed oven* the mass through 
macroscopic 1 , microscopic, or subinieroscopic capillaries in the 
body of the gel. The nature and method of final fixation on the 
sub microscopic colloidal dust of the original sol is related to the 
colloidal structure of the gel, and about this, as about the structure 
of the atom, apparently very little is definitely known or at least 
published so as to be available for a layman. 

The shrinkage* of the gel leaves the crystals unaffected ; adjacent 
ito these, therefore, there develop special clearances which un 
^fortunately may be macroscopic in size and serve as special and 
(ample paths for the water both for a rapid rejection, and later 
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on for absorption, when the pressure and temperature conditions 
have been reversed. This is a special danger in building stones, 
and also in Portland cement concrete. 

Manufactured iron and other metals ajje also colloidal in 
nature- their structure is denser and collodial investigation, 
therefore, at present of relatively less interest. Microscopical 
investigations of these materials have been carried on for years 
and tbeir structure is well known. 

Timber cells are colloidal and colloidal behaviour of timber is 
v**ry significant. Much material is available from colloidal bio 
chemical investigations. To review the same in this paper would 
carry us too far. A special paper would be required to do justice 
to the subject . 

Water is the life of the Tropics, and also the cause of the 
destruction of its man made creations and the metamorphosis of 
its rocks and soils, Folloida! theory seems to explain most of this 
destruction and change. The wet monsoon comes; everything 
colloidal absorbs water and swells. Then comes the dry season : 
the water is rejected, the structure contracts. Tins is the process 
every year, and affects practically all that is built by man and 
much that is built by Nature. Fatalism in the meantime has 
obtained a bold on man’s mind ; one surrenders to the law of decay 
and destruction : then* seems to be nothing else to do. 

Is it really necessary to surrender so completely; has colloidal 
theory nothing to teach us in the matter of defence? One thing 
seems to be plain enough, namely, that waterproof protection 
should he applied on all exposed structural materials whenever 
conditions will permit. This means ordinarily the use of 
specialised, high class paints, formulated to give the best, protection 
for the exposed materials under the most trying conditions of 
monsoonal change. Tt is merely elementary common sense, 
although very often neglected for the sake of economy, and yet at 
great expense. 

There are other lessons we may learn, and these we learn by 
the study of building stones of special composition and density. 
Home of these* seem to leave no entree for the water; nay even 
more, they reject water from the surface. As far aa* natural stones 
for building purposes are concerned the problem then seems to be 
simple; it is a matter of selection only and it would be except 
for the matter of cost. Tt might become necessary to select a 
semi -permanent stone and subject it to proper protective treatment. 
When it comes to artificial products, such as concrete, it is a 
matter of limitation. 
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All exposed concrete above ground should be surface treated 
at least, so as to cause it to reject the water of the monsoon. 
Structural concrete is monolithic for an entire building and this 
makes the stresses due to change in water contents specially 
dangerous, because each element is restrained by rigid attachment 
to the rest of the structure, lu this respect change of water 
contents is even more dangerous than chauge of temperature. 
Below ground, as in foundations and foundation walls, and even 
above ground, as in retaining walls, dams, and bridges- preferably 
the whole mass of concrete should be made impermeable. Not in 
the light hearted sense that so many engineers interpret this word : 
'•watertight against percolation/’ but truly impermeable. 

Concrete by proper care and without special preparation can 
be made watertight, but not impermeable. It may be “watertight” 
and usually is -through colloidal absorption ami swelling, but 
tikis swelling is far from beiietieial for the concrete. On the 
coni ra ry repealed swellings and alternate contractions with 
resultant strain and stress will slowly destroy the concrete: the 
free water in the mass will also corrode the reinforcement and 
thus create heavy internal stresses, both of which are very 
undesirable and dangerous. Impermeability means something 
more Ilian watertight ness ; a concrete so light that nothing but the 
surface should be affected by cplloidal absorption of water, or 
better yet a concrete with snbniicmscopic pores only and negative 
capillarity, so that all water would be rejected before having a 
chance of entering. No amount of ordinary care will product* this 
concrete : special means must be adopted for internal waterproof 
iug. The world for \ears has been searching for these special 
means and they have been discovered. 

Before success was finally achieved sc vert) 1 materials and 
methods were proposed and tried. Chemically active materials 
evidently were out of the question ; they would interfere with the 
well known properties of cement and introduce danger and 
uncertainty. 

Inert materials would also be dangerous and at the same time 
wasteful and inefficient. They would close the pores in part only; 
the reduction of water absorption in the cement gel would not be 
sufficient to prevent slow destruction. In case of an excess of 
inert tiller the structural value of the cement would be destroyed; 
unfortunately there would have to be a great deal to make it 
effective. 

There was then little else to suggest except some suitable 
colloid The unsaturated colloids looked promising. They would 
act with the Calcium Oxide and form elastic self hardening gels 
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which would close the pores. True, but this would be almost 
equal to a. chemical reaction and therefore dangerous: what 
guarantee would there be (hat the structural value of the cement 
wou*d not be lowered or destroyed. Organic acids ready to form 
alkaline soaps or partial colloidal developments of these materials 
were in this class and were soon proclaimed dangerous. 

The metallic soaps proved to be a better selection; they are a 
finished colloidal product before being placed in the concrete or 
the mortar. They respond quickly when touched by water, but 
only within narrow limits so that the pores are therefore - -without 
undue internal pressure — closed by this supplementary colloid 
e\cn before the water has had a chance to act upon the cement gel. 

This clearly is a solution of the right kind, but one more 
safeguard seemed to be desirable: namely, the reversal of the 
eapilarity so that the water would be repelled at a mere contact 
with tin* structure. A great deal to ask, because water is needed 
lor the mixing, and yet after setting it must he repelled. It 
would be interesting to know how this is done*, but tin* maim 
faeturers refuse information. 

With the double safeguard of reversed eapilarity and a special 
colloid to close the pores the moment water begins to act cement 
concrete or plaster would seem to be well protected. Uy a< double 4 
gate* eae*h pore* is closed, and after the e*xe*e*ss water has olice* been 
rejected it has no chance to enter again on its evil task of destrue 
1 ion. 

In presenting this paper the* author doe*s not wish to pose as a 
ehemisl, and nothing contained therein 'in claimed asoiigiual. M\ 
own spe*cial lielel is chieliy structural mechanics. Tin* subject of 
colloidal hedmvior is impoitaut, however, and the*, information 
available hot It scant and scattered. It has been my aim and pur 
pose* fo re*vie*w the* lield and collect such data as has seemed useful 
for nn profession. In doing this I have* had no desire to step into 
anot he*r man’s domain. The* colloidal chemists have* left the 
struc tural engiue*e*r in almost complete ignorance* of such colloid 
theory as concerns him most intimately and he is therefore forced to 
go in search of information. 
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When Mm* Tata Iron ;iimI Steel Works \v;is I i rst i nsl ;i I I<m t at 
Jamshedpur, or Sakelii ns il was I lion called n scwcm ^ 1 system 
vviis const meted lo sene (ho (own ns (lion laid out. Tin* sewerage 
system was divided into (wo parts. mu* on either side of (In* ridge 
astride of which (In* (own is (mill, Kach pari consisted of a sol 
of main sewers loading from water flushed latrines with dumping 
pits (o disposal works. There wore no house connect ions. Tile 
house sen ire was on I indy h\ hand 10 (lie dumping pits. Kaeh 
disposal works has a small screening chamber at Mm* end of Mie 
sowers. After passing I he screening chamber, (he sewage flows by 
a disl ributiug channel loom* or more of four seplie lanks. These 
seplie lanks, as originally constructed, were simple oldong lanks 
without any cross walls or ha Hies of any kind, (*veejd a scum 
hoard nea.r the inlet and outlet. The diluent from tin* tanks Hows 
through two dosing syphons on lo two Idlers. Tin* elllnenl from 
the onei disposal works conics through a long until into the riven* 
and from I, he other is partly used on a farm and "part runs down 
another niiia into I he river. In l!M(i ('ol. riemosha inspected (he 
disposal works. As il was already prohalde that (he works and 
coiiHcepjeiifly the town would shortly he enlarged, he suggested that 
the Steel Co. should investigate the possibilities of the ue.tivnl.eri 
sludge process for dealing with the sewage of I In* enlarged tow n 
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and even as a substitute for the disposal works already in operation. 
Jle recom mended that Dr. Fowler should be consulted, and on Dr. 
Fowler’s recommendation a series of laboratory experiments was 
instituted to study the behaviour of the sludge under Indian 
conditions, particularly at .Jamshedpur vvhefe the hot weather 
temperature is very high, in the meanwhile, Messrs. .Jones & 
Att wood of Stourbridge (now Activated Sludge, Ltd.;, to whom 
reference was made, furnished proposals for converting the 
existing septic tanks into activated sludge tanks. In 1P17 one of 
the writers, V. N. Sarangdhar, was engaged by the firm and 
deputed to Dan galore to study the activated sludge process under 
Dr. Fowler. Early in 10LS lie was called to Jamshedpur to study 
the Jamshedpur sewage and its behaviour when treated by the 
activated sludge process. Experiments on a small scale were 
started in April and it was round then that in spite of high 
temperature in I he months of May and June, tin* sludge purified 
the Jamshedpur sewage quite satisfactorily. A report on these 
experiments was prepared and submitted to the Company. At (la* 
same time the. other writer --F. C. Temple was sent by Government 
to advise on the general sanitary needs of the enlarged town. As 
a result of that tirst visit, Dr. I*. K. Mukerjee was engaged as 
Health Oflieer of the Company and took charge of the sewerage 
system including the disposal works. These latter were not giving 
satisfactory results at the time, and as investigation showed that 
considerable over -septicisat ion was occurring, two septic tank 
compartments in each of the disposal works were put out of action 
with immediate improvement in the working of the. system. At the 
same time some very peculiar filters, shown in drawing 
No. 2 which were apparently intended to further oxidise the diluent 
from the main filters, were abolished, beeause the diluent from 
them was invariably worse than the etlluent from the main filters. 
It is possible that, if time had been available fora full investigation 
of I heir properties these tillers might have been made effective, but 
there was so mueh to Ik* done at the time (hat when a reasonably 
good (diluent was obtained from (be imiin filters every one was 
glad to Ik* content with that. Considerable detailed investigation 
proceeded until November Ibis, when a conference was held, 
which was attended by Dr. Fowler, and it was then decided that 
it would Ik* better to construct a new activated sludge plant, 
which would take over the work of one of the old disposal works, 
arid also an additional area of the town then being constructed, 
than to remodel the old disposal works, for it was obviously 
desirable to remove both of the old disposal works from their 
existing situations. Investigation elsewhere also had modified 
ideas regarding the design of activated sludge tanks and the ridge 
and furrow bottom tank proposed by Jones & Attwood for the 
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convention of the old septic tanks had already been superseded by 
the wagon bottom. 

With a view to designing the new Activated Sludge Plant, 
gauging** were taken for a considerable period in the sewers already 
constructed and in operation, which were to he connected to the 
new system, and in (he open drains, which removed kitchen s ullage, 
hath water and I lie like, which were also to be connected into the 
system, and an estimate was made of the discharge to he expected 
from the additional area to he sewered. 

The existing main sewer was found to flow at an average rate 
of 7-, 000 gallons per day and the surface drains to be connected 
into it at 11,000 gallons per daw The population served was about 
11,000. It was decided to collect this sewage in a well, capable of 
holding V2 hours’ flow, designed as a grit catcher with a screening 
chamber a I its entrance, and to pump the sewage on to the ridge 
already selected as the site for the disposal works, at a distance of 
some (i,.‘M0 feet from the well and feel above it. This informa 
lion was supplied to Messrs. Jones & At I wood, who were asked 
to design a plant, which could he incorporated as part of a larger 
plant to serve the whole town when and if its population should 
increase to 50,000 or even 100,000. In reply to this enquiry, 
Messrs. Jones & At I wood wrote as follows: — 

kfc We note you require us to put forward a plant to deal with 
“ a sewage flow from a present population of tt,000 at 3$ gallons 
“ per head and a flow from a future population of from 50,000 to 
“ 100,000. Thus the future flow will be from 17 to 34 times the 
“ present flow. If the tank you now ask us to design is to be a unit 
of aidant to deal with the sen age from KM), 000 population then 
“ there an ill be 34 units in operation besides standbyes. 

“ Von also ask us to put forward the most: economical unit and 
ki we find that the larger the unit tin*, more economical it- is, thus w* 
■* should not propose move than 10 units for the 100,000 population. 

14 Enclosed is print Drawing No. 4 showing a complete plant, 
“ also a description with parts numbered to suit numbers oil draw- 
“ ii*K- 

“ You will note that a re aeration tank is shown and it has been 
tk found advisable* to have a certain amount of re-aeration in all 
“ plants as some do activation takes place in the settlement tank. 

“ Hence our proposal is that the tank now suggested for the 
“ ; 1,000 population should become a re-aeration tank in final per- 
u manent plant in w hich case its size and proportion need not be 
“ those of an aeration unit of final plant. 

“ For convenience in testing we propose 3 units each to deal with 
“ 50,000 gallons per day assuming a G hours’ aeration period of l 
“ tills per day. 
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,k If capacity is insufficient Mm tanks can Ik 1 leiigt heued : if too 
“ great oik* or on en t wo iinils t an Im» pill out of commission by 
“ leaving thorn full of pure or treated water. 

“ The sottlonion! lank lo ho built for this preliminary plant ran 
“ ho u soil later for sot t ling t ho surplus sludge. ~ 

“ Wo note you suggest t wo sots of screens, tin 1 first, with 1" 
kk spaces and Mm second wit Ii V spaces. In our designs we a. re 
“ adopting from 1 S" 1 < » J" spaces fur the tine screen, and wo find 
“ that rags got past oven those." 

The same linn sold us Drawing No. I to which the plant was 
lirsl built. The draw ing with its dcscripl ivc list is self explanatory. 
The details of construction offer a ver\ few points of interest. 
Tin* foundations were lime concrete including flu* lining of the 
hopper of (In* settling tank. The main walls were brick in lime, 
cement plastered, and the partition walls were made of brick 
on edge in cement mortar reinforced with quarter inch 
rods and then covered with cement plaster. The arrange 
meat of the air mains leading to the diffusers is shown in 
Drawing No. d. which incidentally shows the general arrangement 
of the pulsating gear, I In* detail of w hich isgiwn in Drawing No. 7. 
The details of diffusers ami of the Clifford inlet, through whieli the 
aerated sewage is admitted to tin* settling ehamher are given in 
Drawings Nos. dA and G. 

The sewage enters at the point w here the 7" main is show'll going 
through the wall below the surface of the sewage in the tank in the 
mixing chamber marked 1 a. It passes through the opening at the 
bottom of the Avail into chamber I! in tin* direction of the arrows and 
fioAvs out again into eonneet ing ehamher d. From d it flows into the, 
second aeration ehamher - a, w hich is similar to L* ; from there to 
da, the secoml connecting chamber : from that again to 12-b, tin* 
third aeration ehamher, and so through t, the central chamber, from 
Avhirh it goes by pipe 5 a to the Clifford inlet in tin* Settling Tank d. 
The sludge settles in d and the clear effluent is drawn off through the 
bclJ mouth outlets d e into the effluent channel G : over the effluent 
wcjr G-a to effluent ehamher G b. There* is a forward movement of 
the sewage through tin* tank due to the* incoming sewage, and the 
amount that overflow's at the end is equal to the amount that comes 
in at the beginning. 

The activated sludge* process depends upon the mixing of set tied 
activated sludge with the incoming sewage. For this purpose air 
lift 7 jac ks up the sludge* from the* hot fom of the settling tank 
through the* pipe* 7 a into the re* aeration chamber K. The re-aerated 
sludge flows out of H -1> over a submerged weir into mixing chamber 
1 a wdmre if. mixes with the incoming sewage. The rapidity of move- 
ment of the sewage in its journey through f he tank depends on two 
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factors : — (1) the amount, of sewage entering from the pumps, and 
(2) the amount of sludge lifted from the bottom of the settling tank 
by the air lift through the re aeration tank into I he mixing chamber. 

The blowers are two positive rotary blowers, eac h capable of 
delivering 200 eft. of free air per minute at 210 revolutions per 
minute against a pressure of 4 lbs. per sq. inc h, arranged for belt 
drive*. It was originally hoped that, electric current would be avail- 
able by the time the plant was complete, and it was intended to use 
approximately 7i l\. 11. 1\ motors lor driving the blowers. As, 
however, no electric feeder line lmd come within a prac ticable dis- 
tance of the plant, such prime movers as were* available* on the spot 
were put into use. One of these is a 2 stroke* crude oil 18 11. P. 
engine, which is still doing the work for about 8 hours a day. To 
keep this engine* running it was very soon found necessary to have 
several hours free eve*ry day for cleaning and overhauling. As the 
blowers had to goon continuously, a vertical boiler was found, and 
the engine* from a. steam hoist adapted lo drive one* of tin* blowers. 
This machine ran for about a. year, and limn w iie-n llie* boiler was 
required elsewhere a 20 II.P. portable* engine* was put in its place 
and is still running. None of these engines are* correctly proper 
tinned for the* work that they have* to do and arc not running at all 
economically. For this reason, il is to be noted from the outset 
that this plant gives very lillle information regarding the* true* costs 
of running tin* activate**! sludge process, whic h is and must he* one 
of the* most important considerations in determining whether any 
part icular process is to be* installed or not in am particular locality. 

In consequence of the good re*sults obtained else*\\ here by its 
introduction, the apparatus known as a pulsating gear was installed 
on the ail* delivery system. This apparatus consists of an air driven 
turbine* operating (i slide* valves, controlling (lie air supply taken 
from the* main delivery pipe* through small feed pipes to ti diaphragm 
valves ein the branch air pipes which lead to the* diffusers. As the 
turbine revolves, the* valves admit air to (he* diaphragm valves, in 
turn temporarily cutting the air supply' off from each branch pipe 
and Lis set of diffusers. This has been found in some* installations to 
economise in tlie total quantity of air required. 

The actual outlet arrangement of the <*lllu<*nf was altered slightly 
from Drawing No. 1. Effluent .chamber Ji b was constructed as 
shown in Drawing No. 8 to discharge over a DO 0 V\ Notch on either 
side, with a small gauge chain her on the third side, in which, by 
reading on a scale, Tlie* approximate discharge* at any mouiemt can be 
determined. As the effluent is used to irrigate* a large* farm, and as 
a small part of the farm is at a high level, a U" pipe* was introduced 
into the effluent channel (>, sons te> make it possible, when necessary, 
to take advantage of the few feef extra head given by the height of 
the tank itself. 
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Tim construction of the tanks was commenced late in 1919. 
Owing to shipping delays t lie bulk of the equipment did npt arrive 
until July, 19-0, and purls of i( did not come <o hand until July, 
1921. It was, therefore, not until near the end of November, 1921, 
that the plant could first be put into operation. The tanks (aeration, 
settling, and re aeration) were filled with sewage, and air was turned 
o., while they were being tilled. When they were full, the inflow of 
fresh sewage was stopped, so that there was no outflow through the 
etlluent channel. Circulation was maintained through the whole 
series of tanks by means of the compressed air lift, and blowing was 
steadily continued. At the end of 21 hours sludge could he seen in 
traces and at the end of IS hours’ aeration sludge could be disl ind ly 
settled out in a bottle leaving a clear diluent with the following 
analysis : 
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This was so hopeful I hat continuous running was attempted bul 
various ditlicul! ies and defects, which were only to be expected in 
the lirst plant of the kind to be. set to work in India, began to appear 
very early. It was at this stage that i! beeame clear that (hr oil 
engine could not run I lie plant single-handed. The whole plant was 
shut down while the hois! engine was being installed : I he tanks 
were emptied out and a number of minor alterations made, one of 
these being the raising of the walls of the re aeration tank near the 
air lift to prevent flu* return sludge spilling over the wall. 

A fresh start was made in December. W ithin Hi hours traces of 
sludge were visible, and at the end of 21 hours sludge could be dis 
find ly sett led out ill a bottle. So remarkable a formation of sludge 
within so short a period may have been due to the presence of some 
starting nucleus, it may have come from sill and coarse particles 
in the sewage itself or may have come from particles of old sludge 
adhering to the tank or diffusers. At the end of 24 hours’ run, the 
condition of tlx* tank was favourable for taking fresh sewage, and at 
f la* end of IS hours, the tank was set to run on the continuous flow' 
system for which it was designed. The following is the analysis of 
the diluent at the end of Is hours:-- 

F. & »SA. Alb N. Nitrite. Nitrate. Cl. Sludge. 

04175 04)9 0001 0 01 1*7 \\% 

It was some time before the routine of the plant was so organised 
that if could be relied on to run steadily for several days on end. 
The sewage pumped up from the well, which was intended to act as a 
grit catcher, contained excessive grit and silt. This was improved 
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by working a continuous chain bucket sludge lift at the well daily. 
Owing to the excessive silt and also to mechanical difficulties in 
keeping up sufficient air pressure from the blowers, the diffusers 
choked rapidly. These difficulties were overcome by degrees and it 
became possible to maintain a steady pressure of MA lbs. of air in the 
diffusers. Means were also found to clean the diffusers without 
miieh difficulty. For this purpose blowing steam through them was 
found very effective. 

Whenever for any reason the tank had to be shut down, the 
crude sewage was turned loose on the farm, when* there was ample 
land to absorb it. This was made possible by taking a branch, con- 
trolled by a sluice valve, off the 7" Rising Main, at ground level, at 
the point where it turned up into the tank. The inlet to the tank 
was also controlled by a sluice valve. W hen the tank was lirst put 
to work, it was found necessary to regulate the How of sewage and 
this was more convenient ly done by opening and dosing these two 
valves than by sending to the Pump House, oven* a mile a wav. With 
the 7" pipe deliv ering in the tank below fop wafer level there was a 
danger of discharging flic contents of the upper part of the tank 
< hrough ( he branch of f he rising main on to < lie farm, or if the pumps 
shut down accidentally, of discharging (hem backwards down the 
main, ft was also impossible to watch the variations of How at the 
inlet both for qualify and quantity. The valve on the inlet to the 
tank was therefore removed and the pipe lifted so as to discharge 
into the tank over the fop of the wall. I drawing No. S.) Any re 
gulatiou of flow necessary has subsequent ly been done bv means of 
the other valve releasing the crude sewage direct on the farm. In 
actual practice flic use of this valve has become less and less 
frequent, and now for months at a time it remains steadily dosed. 

I hiring 1922 the running of the plant settled down to a fairly steady 
routine, but the quantify of sewage to be dealt with steadily in 
creased. When it reached 1-20,000 gallons per dav, if exceeded the 
capacity of the tank, as designed, the water level in the lirst aera- 
tion dm in her being raised to such an extent that sewage overflowed 
in nil directions in an unpurilied condition. Some temporary ex 
pedienfs used to overcome this difficulty indicated (hat the plant 
was capable of purifying a very much larger quantity of sewage than 
had originally been anticipated. In August, 1022, as staled above, 
the boiler which bad been running the sfeam engine was required 
elsewhere, and if became necessary to rearrange part of the 
mechanical equipment so that one blower could lie driven by the 
portable steam engine, to which reference has already been made 
and which became available at the same time. As the oil engine 
was not caimble of steady 21 hours* running while the change of 
the steam eugine was being made, and as if was in need of a 
thorough overhaul, it was decided to shut down the plant, while 
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the mechanical equipment was overhauled and re-arranged, and to 
lake the opportunity of raising the walls of the re-aeration tank and 
of the first and serond aeration tanks and oi‘ the bye-pass channel. 
lSefore I he repairs and alterations were complete, a strike occurred 
in (he Steel Works, on account of which no power was available for 
working the sewage pumps so that it was impossible to start up the 
plant again until November, because there was no sewage to put in 
it. A number of other alterations were made at that time. The air 
distribution system, as originally designed, gave a great deal of 
trouble. A radical defect for this climate was tin*, use of rubber 
washers for a II joints. Rubber perishes in this climate and the 
joints leak. Ail the lubber joints have been replaced by lead. The 
pijies were originally placed on tiny cast iron stands. The storms 
of the hot weather and rainy seasons with I heir high winds blew 
the air piping* inches out of tin* straight, leaving leaks to be 
repaired. W\ this lime (he east iron stands had been replaced 
by an almost continuous cradle of bricks and cement plaster. 
The pulsating gear proved a complete failure. Even when it was 
new it never worked well and the power saved was not appreciable. 
Very soon after il was put into use the large rubber diaphragms, 
which worked the cut off valves, disintegrated. Within two months 
of starting up, it was deliberately taken out of art ion. There were 
no guides for the handles of the dise valves (hat control the various 
aeration tanks and coniieef ing chambers, and the handles could 
fall into the sewage. Guides were lived to prevent this. Merhani 
rally (he blowers have been most reliable. The name plate speed 
is shown as 1210 r. p. m. and maximum pressure as 1 lbs. If was 
found that the air pressure near the diffusers was only .*> to lbs. 
At this speed the system runs sa tisfnetorily. 

Sinee this rearrangement of the mechanical equipment there 
has been much less difficulty with choked diffusers. This is partly 
due to the fart that the air pressure has not only been maintained 
at rather higher average pressure but has been steadily maintained 
at the pressure required. When the pressure was liable to drop 
for an hour or s<>, silt and sludge had time to accumulate in sueli 
quantities on the diffusers that ordinary air pressure would not 
blow them free. Even now when proper pressure is maintained 
there is still some trouble with the diffusers. II has recently 
been determined without any doubt that this is due to the large 
quant if \ of very tine silt sent up by the pumps, from which it is 
clear tha It hough i lie capacity of 1 he sump is sufficient to reduce 
the velocity to a point at which most, of the ordinary coarse silt 
will < ohm* down, its shape is such that il does not allow sufficient 
time of travel to bring down even the whole of the mineral grit. 
The sew age also eon tains fine colloidal silt, which is common to all 
the upland waters of Ohota Nagpur and which is known from 
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various water works installations not to come down even though 
the water is reduced to a state of complete quiescence; but which 
comes down instantlyrif a coagulant is added. in a water works 
alum or some salt of that kind is used as a coagulant. In the sewage 
works the activated sludge acts as a coagulant and brings down tin 
line silt with extreme rapidity in the first aeration tank. 

Among other drawings that have been sent us there is one of 
an installation containing an aerated grit catcher. It is not clear 
from those drawings wind her any activated sludge is admitted to 
the grit catcher or whether the crude sewage alone is aerated. In 
the absence of further information if is difficult to see how this 
grit catcher works and as it was not recommended for the Vanished 
pur Plant, presumably it was not entirely successful. Much 
research work evidently remains to be done on (lie problem of 
extracting the line colloidal sill found hen*. There are many forms 
of grit catchers in use in different parts of the world, which would 
extract the greater part of the mineral grit. The Jamshedpur 
experience indicates that this should be dealt with as a problem 
sopara fe from that of extracting tin* fine colloidal silt. The latter 
can be brought down without any difficulty by the use of a little 
activated sludge. The danger of bringing it down in this way 
is (hat putrefactive matter will come down with the silt, and may 
form a septic and offensive sludge, which would have to he buried 
as rapidly as possible. It remains to devise a grit catcher which 
will bring down flu* maximum of flic fine colloidal silt with file 
minimum of organic matter so as to avoid trouble in the grit 
catcher on (he one hand and in the aeration tanks on the other. 
Up to the present time the best procedure that we have been able 
to devise is to clean out the first aeration tank, whenever the silt 
accumulates an extent that interferes with the working of the 
tank. Another source of trouble in the diffusers was dust from 
the atmosphere and oil from the machine drawn in by the Mowers. 
An air filter is installed to minimize the dust trouble, but oil 
trouble still remains. At periods when there has been trouble in 
maintaining regular and sufficient air pressure, (he opportunities 
have been taken to investigate the effect on the sludge. It 
deteriorates rapidly assuming a flabby appearance, does not easily 
■settle, and under the microscope shows a large growth of protozoa 
and other forms of higher life. 

As in all other forms of sewage disposal works, there is a 
relation to be established between the number of persons served, 
the strength of the sewage, and the size of the tank in which the 
nu ri treat ion is effected. The experiments carried out by Col. 
Clcmeyhn in Oaleulfa and bv the Biliar and Orissa Public Health 
Deoartment in Oava and Patna showed that a suitable size of 
septic tank was 2 eft. of tank capacity per user of any sewage 



70 


THE US' ST IT IT ION OF ENGINEERS (INDIA). 


letwcen 5 ami 10 gallons dilution. If a septic tank is designed of 
this capacity, the time taken by the sewage to pass through the 
tank, or the period of rest which is the term usually employed, will 
take* care of itself. We have already seen that Messrs. Jones & 
Alt wood designed !he Jamshedpur Plant for the sewage of .‘>,000 
persons diluted to .‘IS gallons per head, and, as they say in their 
letter, they proposed ;> units, each to deal with 50,000 gallons pet* 
day assuming (» hours' aeration period of I tills per day. 

The capacity of each of the J aeration tanks is nearly 1^,000 
gallons or some 150,000 gallons in all, together with which may be 
taken the bye-pass channel, making a total aerating tank capacity 
of some 10,000 gallons. This is equivalent to a little more than 
2 eft. lank capacity per head, which agrees approximately with 
I lie septic tank practice. Expressed in terms of period of aeration, 
this lank capacity would give a period of some (>A hours' aeration 
to the sewage when flowing at an awrage rate of I .”>0,000 gallons 
per da\ , but for the fact that while I lie clear effluent is allowed 
to escape, the sludge is retained in the tank until it occupies a 
space of HO per cent . of tin 1 total capacity; the actual aeration 
period, therefore, when the How is 150. 000 gallons, is about 5 hours. 

In practice, (lie load on the lank has been increased whenever 
opportunity has occurred. It was evident in I lie each stages that 
the limit to the liquid capacity of the tank was fixed by the height 
of tin* walls, for sewage was pumped into the lank and at the 
same I ime Hie return sludge airlift was worked at such a pace 
that the surface gradient through the aeration lank became* so 
steep that the first tank overflowed. The actual gradient at a flow' 
of 1*1)0,000 gallons per day was IS inches between the inlet of the 
liist aeration tank and Hie outlet of the third. At the time when 
the meclianieal equipment was being overhauled, the walls of the 
aeration tanks were raised and the lank made capable of dealing 
with a daily flow of *250.000 gallons per day, with tin* airlift 
raising 11*0,000 gallons per day, making a total rate of flow- 
through the re-aeration tanks of a hold ‘570,000 gallons per day. 

Muring mu* period of accurate observat ion the number of 
persons sened was 0,000: the Mow of sewage was 150,000 gallons 
per da\ , the* dilution of the sewage was therefore 25 gallons per 
head per day; ami (lie cubic capacity of tin* lank IMcft. per head. 
Willi the plant working under these conditions a satisfactory non 
putrefactive effluent was obtained, amt a sludge which could be 
bandied without difficulty. At the times of a maximum flow of 
1*50,000 gallons per day there may have been occasions wdien flu* 
population served was S.000. but this is uncertain. When the flow 
is as great as this. Hie settling tank capacity is not sufficient to 
bring down all the sludge, and light particles are to be seen in the 
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effluent, but m> trouble has as yet, arisen ou this account. On a 
recent occasion, when No. 1 aeration tank hail to be laid off for 
the removal of silt, the whole of the load of about 200,000 gallons 
per day from 0,000 people was pul on to tanks Nos. 2 and A non 
pul retact i\e (diluent was still obtained though the tank capacity 
had conn* down to 0 0 ctt. per user and the period of 
aeration to 2J> hours. Working a I I Ids speed and with so short 
aeration, tin* nil rilicat ion and tin* coagulation of the sludge is less; 
sludge settles much less rapidly and an unusually laim* proportion 
^o(‘s out with etlluenl. If it had not been possible to dispose of 
(diluent and sludge lordlier on tin* farm it is possible that the 
sludge and the elllueni ini jl^IiI ha\ (* giv eu rise to a nuisance. This 
trouble could probably he* overcome by increasing tin* re aeration 
lank and tin* sell lint; lank capacity by I he addtlion of anotln*]* 
s *dt ling lank and possibly extending tin* re aera t ion tank. 
Investigations on I hese lines will he of I In* greatest value, lor (*\ei‘\ 
improvi*m(*nt of this kind will diminish tin* cost ot the process, and 
its cost is al presenl the gi cutest ohslach* to ils installation in 
many plae(*s. 

In a continuous How plant, I he acral inn period is taken on tin* 
average: lor instance, when the Jlow ol srwiip* is 1.70,000 gallons, 
tin* aeration period is staled to he about .7 hours. Tin* ellieienf 
working of the plant is imudi inllucnced by the rale at which tin* 
kludge ,s returned Irom tin* air lift into i In* re aeration tank. 
A\ lieu the sewage is from 2.7 to 20 gallons dilution tin* besl 
admixture of activated sludge with incoming sewage is produc(*d 
bv working tin* air lift from I lie set I ling tank into tin* re aeration 
tank at the rate of 120,000 gallons per day. This together with 
tin* normal iiitlovv of sewage ot 1.70,000 gallons per da t v makrs a 
total rale of tlovv through (In* aeration tank of 270,000 gallons per 
day. Tin* minimum time therefore in which any particular particle 
of sewage can pass through the plant is about, 2.1 hours, though 
the average number of limes that any average partic le of sewage 
c irculates through the tank is almost 0. Working at the greater 
speed of ir>0,000 gallons per day of return sludge*, tin* total rate* 
of How through the aeration tank is 200,000 gallons per day. The 
minimum time then in which any partic ular particle of sewage can 
pass through the plan! is about 2 hrs. while tin* average number of 
times that any average particle of sewage circulates through tin* 
lank is 10. 

The capacity of tin* re aeration chain her is approximately 
f>,000 gallons, and if the* air lift is worked at the* average* rate of 
120,000 gallons per day the re aeration period is one hour. IT the 
‘incoming sewage is very strong (as occurs at certain periods every 
day when the contents of night soil carts are dumped in tin* sewers) 
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the tank works better if the air-lift is speeded up to a rate of 150,000 
gallons per day. This reduces the period of re aeration, but by 
increasing the rapidity of How through the aeration tank it brings 
the strong sewage more rapidly into an emulsion. It is to he noted 
that the rate at which the air lift must he worked depends much 
morfe on the strength of the sewage Mian on its hulk. This agrees 
with experience in all biological sewage disposal works that lank 
capacity and addition of outside reagents depend on the quantity 
of organic matter to lie puriiied or in other words on the number 
of persons served. 

The design of the re aeration tauk is not satisfactory. From 
the drawing No. 1 it will he semi that there i# no arrangement 
provided to let the surplus sludge* oil’. This is now done by a 
syphon. (See photo.) The mushroom valve provided to drain the 
tank is not a convenient arrangement to let the sludge oil’ daily, as 
il was found that some tine mineral silt always lodged between the 
valve faces and prevented the \alve from closing tight. Another 
defect in the tank is the connection between the mixing chamber 
and the re aeration tank. The principle for which the re aeration 
tank stands is vitiated by the fact that if lor some reason the 
air lilt slops working, the sewage, instead of moving forward 
through tin* aeration tank in I lie direction of arrows 
shown in the drawing No. 1, short circuits through 1 1n* 
re aeration tank into the settling tank and then passes 
out in mipurilied condition. This not only deactivates tin* 
sludge hut disturbs the biological cvclc for a long time. Jf 
sewage is made to pass through the aeration tank even if no air is 
coming through the diffusers, il does not cause so much dis- 
turbance (and in fact the (diluent is not bad, for some purification 
goi s on) as it docs when it passes out through the re aeration tank. 
It is proposed *to remedy Ibis defect hv disconnecting tin* re- 
aeration tauk entirely from the mixing chamber and raising its 
walls so that the return sludge will fall over a weir into the mixing 
chamber. This would not only give better mechanical and biologi- 
cal results, but would make it easy to determine the precise rate 
at which the re aerated sludge was being returned into the incoming 
sewage. At present when the flow of sewage* is over 150,000 gallons 
per day, a portion of the re-aeration tank acts also as a mixing 
chamber, for the backward flow of the sewage causes a whirlpool 
and reduces the capacity of the re aeration tank. 

In order to arrive at an intelligent comparison between the 
working of the activated sludge plant and that of other plants else- 
where we have been studying the ratio of air to sewage. When the 
volume and strength of sewage is such that the tank capacity Is 
J -3eft . per head, 1*2 eft . of air per gallon with a minimum of 4 hours 1 
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u e ration punities the Jamshedpur sewage lo the standard recom- 
mended by the Xtoyal Commission. 

As noted above, Indore any large scale experiment, on the pro 
pa ration of activated sludge aud purilication of sewage by its ugeney 
could be carried on in Jamshedpur much precise in t urination was 
collected in the Laboratory by moans of small scale experiments in 
tubs of a capacity of 3 litres and 30 gallons each. As the Activated 
Sludge is a biochemical process fostering aerobic bacteria the sludge 
produced had to be kept aerated by introducing air. For this pur 
pose a supply of compressed air was obtained and the first culture of 
I be Activated Sludge was prepared by [rutting raw sewage* in the 
I, ubs and blowing i^r through them. When a I race of nit rilical ion 
was seen, air blowing was stopped and the whole mass erf liquid 
allowed ter stand quiescent for erne* hour. Supernatant liepiiel was 
drawn e>if leaving only 10% of t he original veduiue which at the start 
conlaineel sluelge emJy in traces. Eve*ry <lay the* requisite amount of 
sewage was [rut in Iwiceauel was blown in contact with the 
resultant, sluelge* lor 11 hours ami then the* whole mass allowed to 
settle for enm hemr. The supernatant ede»ar liepiiel was then drawn 
oil leaving behind the* sluelge* which grew in bulk with eve*ry adeliliem 
erf fresh sewage*. When sulliedenl sluelge hael been e‘ollecte*d 30% 
sluelge auel N0% sewage* were* mixe*el together ami air blown through 
them, and it, was ferimel that (i Jiemrs erf aeration was the time re 
epiireel to purify Jamshe*dpur sewage* which was purely domestic, 
yielding a <de*ar and stable ellhieut and a sluelge healthy in appeal* 
anee, free from any offensive sim*ll and full of nitrifying bacteria. 
On the*se* results recommendations were maele that Jamslmdpur 
sewage won I<1 ne*e*el 0 hrs. ae*ratie>n. (Onlne- capaeity erf lank per 
user was nol them taken inter euiisieleraf ion.; 

During these laboratory experiments lemger aeration produced 
a better etllmmt auel mluced the number of bae termed’ B. Cedi and 
deuitrifying group; but, as in practice*, the* running e*osts would re 
pre>pe>rt innately greater, the* minimum necessary period of aeration 
was reeomme*mle*d. It was also noticrel that tlu* absolute* minimum 
period erf aeration ferr strong Jamsheel|mr sewage was 3 hrs. At 
this figure* the sludge lost some of its capacity of nitrification and 
settling rapidly but otherwise maintained its capacity of producing 
a clear etllnent. Analysis ed* sewage ami ellluent was as fol- 
hrws : — 
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1.8 

Purification % 
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— 
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... 0.24 

0.77 
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3.0 
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... 93.7 
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— 

97.4 

— 

Raw Sewage 

... e.or> 

10.99 

2.74 

3.3 

— 

Effluent 11 hrs. A. E. 

... 0.53 

1.25 

0.02 

0.06 

2 2 
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. These results were obtained b t y maintaining sludge at 20% to 
25% volume. Increase or decrease in the sludge by large volume 
affected the results but not to a very appreciable extent. The above 
proportion of sludge was found to be a good working proportion. 
These experiments were conducted on a till and draw system and 
continued over a period of 12 months through all the extreme 
changes of weather and temperature met with in Jamshedpur, and 
results indicated that they had no adverse effect on the sludge. 

We wish hen? most emphatically to recommend that, whenever 
possible such small exjxeriments should he conducted before any 
Jarge scheme is put in band as they would give much ^valuable in 
formation for designing large plant and would l add to the know 
ledge of operating the various vagaries of the sludge. We tind here 
a very close agreement, between the results obtained in these ex- 
periments and those obtained in the big plant now working on a 
continuous system. 

The big tank designed by t lie Activated Sludge, Ltd., was ready 
to run in November J!)21, on a continuous flow system* Though 
sludge formation was quick and puritication of sewage was quite 
satisfactory it was noticed that sludge was not as healthy as it 
should be. The nitrification was defective due to defective aeration, 
which was caused by the frequent mechanical breakdown. The 
delects in the original design which affected the bio chemical factors, 
chief among them being denitrification, have been rectified. The 
operators were trained to distinguish a good sludge from a bad, and 
to maintain the good quality of the sludge in the tank. Analysis 
had to be taken twice in a day to understand the working of these 
tanks at various points and to (‘liable us to collect data on which to 
base a routine for operation. 

It is very difficult to define the characteristics of a good sludge 
in precise terms, and little* more can be done than give descriptive 
notes. A good sludge should be chocolate brown in colour, free 
from appreciable offensive smell, and when quiescent, should settle 
within 15 minutes. The supernatant liquid should be clear and 
non colloidal, and on analysis should shenv nitrification. If nitrates 
are present the sewage lias been well blown. A well blown sludge v 
under the microscope is found to he full of bacteria and to contain 
a few protozoa. Among the bacteria, present, those that form 
nitrites and nitrates are the most important, and should number 
100 or more per c.c. of the effluent. 

When the sew f age is underblown, either because the capacity of 
the tank is too small to allow a sufficient period of aeration, or 
because of mechanical trouble, or obstructions in the diffusers, the 
sludge deteriorates. It gives off an offensive smell, changes from 
a chocolate brown to a dark black colour, and takes a very tong 
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time to wet tie. At the same time the supernatant liquid, instead 
of being clear aud transparent, becomes colloidal and sticky. Some- 
times a sludge assumes a texture known as “ ropy.” Under the 
microscope such a sludge shows a large growth of protozoa, very 
sluggish in movement, and not so active as those in a healthy well 
blown sludge. Unhealthy sludge may temporarily produce a satis* 
factory non putrefactive effluent, lint if the cause of the deteriora- 
tion is not removed, a serious breakdown of the whole process will 
occur. 

When t ho sewage is overblown w hich occurs when Ihe quantity 
to be treated is too little for the tank, the sludge burns out fyid 
diminishes in volume, and the effluent becomes colloidal. 

On tin* occasions when the sludge lias been unhealthy it has been 
found to eon tain even worms such as Nematode, Uhirotiomus, and 
Dero. Among the higher organisms usually found in a healthy 
sludge we have identified ciliale protozoa such as Vorlieella, 
Euplotes, and Ooleps, non cilia to protozoa such as Amoeba and a 
few rotifers such as Uhilodina. Whether their presence is bene 
ficial or not it is not.yct possible to say : but in a healthy sludge they 
have always been present in small numbers, and their movements 
very active. 

The process of sludge formation is as follows : When the crude 
sewage comes in contact with a nidus of actuated sludge, the 
colloids coagulate after a certain period, and precipitate, forming 
sludge. This sludge as it is first formed is not capable of purifying 
sewage, nor is it valuable as a fertilizer for it has an otfensive smell, 
and being colloidal is likely to damage soil. It must he further 
blown until oxidization of carbon and oxidization of nitrogen bring 
it to the proper texture ami condition. The effect of aeration can 
very well be studied from the analyses attached (page 7J) where 
the di (Terence between tin* analysis of the effluent after I brs. aera- 
tion and after 11 hrs. aeration is apparent. 

It has been established that I here is a minimum and a maximum 
period of aeration for any particular sewage. Then* is also a 
minimum and maximum percentage of sludge to he introduced in the 
sewage if a clear and stable effluent is to he produced. In both rela 
tions there is a wide margin within which good results will be 
obtained. For Jamshedpur sewage the volume of sludge to sewage 
can vary safely between 10 and 20 per cent. It took some time to 
ascertain these figures, and still longer to regulate the working of 
the plant so as to obtain them. 

Theoretically the* aeration period when the plant first started 
was 12 hrs., yet the sludge was not satisfactory. This was mainly 
dm to choking of diffusers in the middle of the tank forming con- 
venient pockets in which denitrification and in some places even 
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ail aerobic Ncpticisatiou took place. Ah soon as the diflieulties were 
overcome and a sludge obtained of such a condition tl^it it produced 
an diluent equal to the standard recommended by the Koynl Com- 
mission, more and more sewage was taken until the aeration period 
came down to ti hrs. It was then found that the capacity of the 
tank could with very small alterations be increased above J 50,001* 
gallons per day. These* alterations which have already been d‘*s 
eribed enabled tin* plant to purify 250,000 gallons per day eonveni 
entlv : to treat sometimes as much as 200,000 gallons pe*r day with 
out seriously affecting the quality of the sludge or tin* ellluent. 

♦ The analysis of the* sludge* and data regarding* quantity available 
from 1 .000,000 gallons of sewage* and nitrogen eoutents in the sludge* 
are all at taedieel in t he* tables. 

An attempt was made lei study nit pogeii -fixation, but owing to 
diflieulties in proper sampling and t < » various laborious ami troulde*- 
semie* Inborn leiry te*clmiepie», the* results obtained have* be*en ve*rv e*em 
traelicteiry. All that coulel be* proven 1 is I lie* p reset tec of nitreigeu 
fixing bacteria in tin* sludge, but wlie*tlier nitrogen tixalion from air 
take*s place* in a big continuous tlenv tank is questionable, ami t lie* 
chances arc that on account e>f defect i\e aeration, denitrification is 
likely le> take* place* result mg in le>ss of nitrogen. At presemt we* e*an 
account tor only S0 o ;', nitrogen of the* se*wage* : the* either 20% is lost 
to the* farm. 

Some experiments wear made on drying the* sluelge* in the* sun. 
It was found 1e> dry very wed I on turf provided the* depth of the* 
slmlge* ln\e*r did not exce*eel 2 ine*he*s. Drying em sand was founel 
unsuitable, because though ! he sluelge drieel rapielly it penetrated 
the* upper layers of the* sand which became incorporated with il. 
the'rehy lowering I he* percentage of nitrogen per volume 1 of dry 
sludge*. A 2*" layer of sludge elrics on turf to spaelable eemelition 
within ti hours and within 21 hours il is epiite* dry in flakes, varying 
from 1, 12th te> 1 St h of an ine-li in thickness, which can be easily 
liamlleel. In 2" layers it elrie*s well on a e-ement floor. The* sludge drieel 
on the turf ami on I lie* ecme*n( surface of a roof kept in a stoppeml 
bed tie leu* the* last two ye*ars she>ws so far no sign e>f deterioration /» 
or eif any offensive smell. The sludge as it routes e>ut of the* lank is 
very dilute* ami as much as 50% e>f supernatant water by volume can 
be* removed. The remaining thickened sluelge contains water as 
high as 00*0%, ami it is therefore necessary 1e> introduce a thickening 
chamber in the installation if sluelge drying experiments are* to be 
undertaken on si large scale. The maximum layer of such thickened 
sludge that could, he drieel in the sun with convenience was found to 
contain an inside core of offensive and putrescihle matter which 
could not stand keeping and storing for any length of time. These 
cakes took 48 hours to dry completely and that too not without any 
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oil iMi wive smell. A well blown simile could conveniently Ik* dried 

in the sun up to <»" layer, and il is jiot advisable to push beyond that. 

A 2 layer is tin* best and least troublesome method if ample space 

is available. 

« 

1 he value ol sludge as a lertiliser can 1m* seen from the* follow ing 
agricultural experiments eondueled o\er two years. 

In the Laboratory experiments im i ntioned abo\c it was found 
that tin* rate of sludge formation would 1 m* 2, <170 lbs. of dry matter 
from 1,000,000 gallons of average Jamshedpur sewage. The intro 
gen content in the Laboratory dried sludge was found to be ;Y1 U 0 to 
(>\>% depending on the amount operation the sludge bad received. 

When tin* large scab* plant was started towards the end of 1021, 
and when il had settled down to good and reliable working, those 
experiments were again repeated and the following results were 
obtained. From 1,000,000 gallons of sc* wage 2, .700 lbs. of dry 
matter were obtained by drying tin* resultant sludge. This figure 
is in close agreement with the one obtained in the Laboratory ex 
perimeuts and has been found to be almost the same these last three 
years. Tin* nitrogen ligure in the dried sludge was found in tin* 
beginning to be as high as 0‘Y, to S^,, and (he probable explanation of 
this high content of Nitrogen in the sludge is that in the beginning, 
on account of the detective aeration referred to above, we did not 
obtain proper sludge for a long lime, and the sludge that was pro 
dared was one which had just passed the “clotting stage'’ and 
reached fhe/‘ oxidation " singe. This sludgy* needed flirt her aera- 
tion to produce tin* right quality, but because of defects in tin* plant 
this stage was not reached. However, as noted above, the sludge 
was quite capable of producing a clear ami good diluent and was 
free from any offensive smell. 

All the effluent and sludge produced by tin* tanks are absorbed 
on ail adjacent Dairy Farm land measuring about 20 acres (nearly 
1,000 acres are available for extensions of the plant when more 
sewage shall be available). From flu* plant they are led by kutehn 
nalas to various fields. Fn 1021 22 season most of these 20 acres 
were brought under cultivation for the tirst time, because the land, 
which is in the nature of hard grave*! soil (known as moormn), was 
rejected by all tin* indigenous cultivators as totally barren. Uv tin* 
application of sludge, which supplies organic humus and nitrogen, 
and by irrigation w ith the effluent, the soil has slow ly changed its 
texture. Even in the first year the yield of barley and oats and 
various marketable* crops was admirable. These plants were growing 
in very poor condition but improved within a fortnight after the 
application of the liquid sludge after w hich a healthy and vigorous 
growth waft visible. In 1022-23 it was noted that the texture of tin* 
soil had considerably changed. The sludge application kept the 
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land supplied wi tli Hie necessary stock of nourishment for Hie plants 
with the result that in one particular plot four crops* namely, oats, 
maize, hen ns, ami cabbages, wen* raised within the period of one 
year. 

1 v, 

The yield and growth of various crops such as maize, beans, 
sugar-canes, oats, and market vegetables such as cabbages, caiili 
Mower, brinjals, peas and other varieties have been quite satisfac 
tory. Tin* sugarcane was grown on good paddy land, the yield 
being as follow s : — 

Class of Dane. Weight per acre. No. of canes per acre. 

,i. 2U ( t iii n i influx) ii»s. ."ij.mm 

New Oilmen 22 (thick) 108,000 lbs. 27,000 

New Cuin&i lo (thick) 7t»,0(i0 lbs. ir»,.‘t00 

These r(*sults were obtained over an area of a little over three acres 
and may therefore be accepted as practical and not mere hot house 
figures. 

A series of experiments was made to compare the efficiency of 
sludge as a fertilizer with other natural and artificial fertilizers. 
A piece of land was selected w hich had been left iineult'i\ated because 
it was looked upon by the indigenous cultivators as utterly barren. 
(See analysis of soil.) The land was laid out in two rows of o plots 
to each row. Met ween the two rows a path o ft. wide was left, and 
between eac h plot a bund was made 2 ft. wide and 1J ft. high. The 
area of each plot was 1 10th of an acre. One row of live plots was 
irrigated w ill) water supplied from fhetyown Mains; the other row 
of live plots was irrigated with activated sludge eflluent. The plots 
were manured as shown in the Table T*. The activated sludge being 
liquid was distributed by making small channels in the plots. The 
sludge was dry in a little over 21 hours and when quite dry was 
mixed with the soil by ploughing. During these operations there 
was no nuisance of any kind. In plot No. 8 the sludge* was 
supplied on 7 12 22 and in plot No. 7 on M 12-22. Dowdiiug and 
ammonium sulphate used in other plots were applied on 11-12-22. 
As it was late in the season, it was decided not to attempt to 
grow- any crop to its full yield of grain and sfraw r but to be content 
with a green fodder crop. On lb 12 22 2.} lbs. of oats were sown 
in each plot. 

Within a week the seeds germinated, approximately equally in 
all the plots. As there were light showers of rain soon after the 
seeds germinated, the plots were not irrigated until the first wreck of 
January. My this time* the seedlings had grown approximately 
!) inches high. Plot No. I was poor in appearance and plot No. 10 
appeared to be the healthiest of all. The other plots were approxi- 
mately equal in appearance. In the second week of January, Plot 
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No. 10 was Ntill the best looking, but plot* Nos. 7 and 8 began to till 
up and to show a mass of dark green colour. In the third week of 
January, plots Nos. 7 and S had outgrown Plot No. 10 and were 
looking best of all. No. 1 by this time was very poor. In early 
February, plots Nos. 7 and 8 were so thick that light could no 
longer reach the roots and the plants became top heavy with the dew 
that fell at night. It was clear that in these plots Nos. 7 and 8 half 
the quantity of seed would have been a more reasonable allowance. 
Plots Nos. J, 5, (>, and 10 were growing well. The other plots were 
growing thin in patches. In the second week of February plot 
No. 7 had such a heavy growth that it was thought advisable to cut 
the plot and conclude tin* experiiftent, but before a decision was 
flenched a hail storm on 10 2 2J made it necessary to cut im 
mediately. Results are indicated on Table No. 5. 

In plot No. S only 500 gallons ot sludge were taken with the 
idea that the amount of dry matter put in the plot being only 
10 lbs. would probably be insufficient and that the second dressing 
of oOO gallons which was expected to be required would have a 
belter result if applied to tin* young plants than if the whole were 
pul at one time. The growth however with the lirst 500 gallons 
was so thick that it was decided not to gi\e a second dressing. In 
plot No. 7, 1 ,000 gallons of sludge were taken with Hie intention 
of bringing the nitrogen content to the same level as in the other 
plots. As a> matter of fact, the amount of nitrogen was in excess of 
that in the other plot, as the sludge in the plot No. S had hap- 
pened to be weak. It was also originally intended to compare 
the yield of plot No. 7 where the sludge was applied in one 
dose with that of plot No. S where the sludge was to be 
given in two doses. In plots Nos, 5 and 10 double the amount 
of eowdung and consequently double the amount of nitrogen given 
to plot No. 4 were' put with the idea that this would improve 
the texture of the soil, at the same time as making a 
large quantity of nourishment available. There is not much 
•difference however in the yields of plot Nos. -1 and 5, though plot 
No. 10 has shown an appreciably larger yield. Whether this is 
due to the inoculation of the bacteria, from the effluent, or from a 
slight ieakeage of sludge it is not possible to say, but it is worth 
noting that the mere addition of inorganic nitrogen iu [dots Nos. 2 
and ft did not help the plants as much as the inorganic nitrogen 
combined with organic manure did in plot No. It This is in 
agreement with the experiment at Kot hams ted Farm. Plot. No. 6 
is very interesting. It was not manured deliberately in any way; 
but only irrigated with activated sludge effluent. The most pro- 
bable explanation is that some sludge which may have been 
sticking to the sides ottbe main irrigation channel was picked up 
and earned to the plot by the effluent. Comparing the plots Nos. 7 



so 


T1IE INSTITUTION OF ENGINEERS (INDIA). 


s and also 0, if t lie lust assumption is true, it appears that the 
•tcrivated sludge is easily available to the plants, and # the more it is 
added (provided the toxic* point is not reac hed) the better the result. 
This should be borne in mind when the correct proportion of seed 
lor growing green fodder is being considered, it appears probable 
that if the cpianity of seed in plots Nos. 7 and 8 were reduced to half, 
the individual plants would have thriven better and the ultimate* 
yield would have been as good. 

A comparison of the amount of “dry matter*’ added to the plots 
7, S and 10 is interesting. In plot No. 7 it is 50 lbs. given in 1,000 
gallons of sludge. In plot No. N it is only 10 lbs. given in 500 
gallons of sludge*. (The* sludge* in the* bitted plot happemed to 
contain more moisture* and therefore less “dry matter’* per. unit 
volume.) in plot No. 10 it is 500 lbs. The* farm yard manure in 
plot No. 10 has given a line yield ; but it is less than that of 
plot No. S, whe*re* there* was only one fourth of (he nitrogen 
and one-fifty-sixin of the* we*igli< of dry matter. This fae*t would 
heroine of gre*at importance, if the* sludge* is ewer elrieel and sold 
as manure*, for the cost of bringing to tin* site would be* com- 
paratively small. 

Jn 1025 -1 se*asem, oals were* again grown on the* experimental 
plots to compare the* yield of green fodder of this year with that 
of the last jear and also to note* tin* yield of grain and straw. Tin* 
plots; of last yc*ar had remained fallow after the oats were cut. 
They were* ploughed in early October, levelleel and divided so that 
each plot was l/40tli of an acre in a red and the whole ami was 
elivieled into 2 series e*ach series cemtaining six plots, one being 
irrigated with tap wate*r and mnntiml with etow-elnng and 
ammonium sulphate as shown in the table* 0, and the other series 
was irrigate*el with the diluent and manured with sludge as shown 
in the same table. Out of the* h plots iu a series, 5 were reserved 
for grain and straw and other three for green fodder. 

Activated sludge was taken (as shown in the table 0) in plots 
Nos. 7, S, I) on 9-11 25, and on 10 11-25 ju plots Nos. 10, 11 atpl 
12, which were heavily manured. The plots Nos. 7, 8, 9 were 
purposely under-manured for we found last year that with heavy 
manuring the growth was very thick and the plants overcrowded 
each other. The seed rate per acre was also reduced in the sludge 
plot. It was originally intended to give frequent dressings of 
sludge to plots Nos. 7, 8, 0 as should be found necessary. Cow- 
dung and ammonium sulphate were put in the corresponding plots 
on 10 11-23. The plots were ploughed again and the manure com- 
pletely incorporated with the soil. The weather was fine and the 
seeds were sown on 15-11 25 iu the proportion of 80 lbs. per acre 
in water-irrigated plots and 00 lbs. per acre in the sludge plots. 
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rieedfcs germinated in a week's time equally in all the plots. 
Plots were irrigated once a week after this. In the lirst fortnight 
plots 2 and 5 looked healthier than the others. Put in a month’s 
nine the sludge plots began to overtake the others and to look 
healthier. JJy J 5 1 21 the plots Nos. 11 and 12 were so much over- 
grown (see photo) that (he plants begun to fall down and deprive 
the roots of the light and it was thought advisable to rut them so 
that the yield of second rutting should not he allected. Plot No. J) 
which was to be reserved for grain and straw was also rut partly 
through a mistake and partly on purpose because the plants in 
this plot began to fall down owing to stormy winds winch occurred 
ai the mid of January. It was cut on 28 1 21. JJy this time the 
plots Nos. u and 7 were also ready for cutting and they were cut 
on dates shown in the table 0. The yields of the 1st cutting of tin; 
various plots are also noted in the table 0. It was found that in 
heavily sludged irrigated plots the seed rate could he conveniently 
reduced to 10 lbs. per acre. The. plants in plots Nos. 7 and 8 were 
staudiug well and a second dressing ol sludge was giveu to them 
on .lb- 1-24. Tlie secondary growth alter the lirst cutting was 
sluggish in heavily sludged plots Nos. 11 and 12 as the roots of 
some plants were weak, being deprived of light by the heavy 
growth. Tiie plants in plots Nos. 0 and 10 were good and plot 
No. 1) was given a second dressing of sludge on 22 2 24. It 
appears from these experiments that if a. maximum yield is wanted 
in the lirst cutting, the plot should be heavily irrigated with sludge 
(80 lbs. N. per acre) and the maximum quantify of seeds (J00 lbs. 
per acre) should lie sown. Hut if two cuttings are to be taken, 
then the sludge dressings should also lie more than one, giving 
each time a minimum of 10 lbs. X. to 00 lbs. N. per acre for J 
or 2 dressings respectively. 

The yields of grain and straw in the various plots are recorded 
in the table 0. Yield in plot No. I was very poor and grain did 
not mature. In plot No. 3 manured with cowdung and ammonium 
sulphate the yield of grain and straw is better than in plot No. 2 
manured with only cowdung. In plot No. 7 the yield of grain is 
rather better than in plot No. J, but the yield ol* straw- is much 
better. In plot No. 8 the yield of grain and straw is all that could 
be desired. In “Treatise oji Manures by Griffith” the maximum 
yield recorded by artificial manures in England is as follows: — 

Corn ... 00 bushels or 2,112 litres per acre. 

Straw ... 4,700 lbs. per acre. 

Xu plot No. 0 the yield is as follows 

Corn ... 2,120 litres or 1,040 lbs. per acre. 

Straw 6,080 lbs, 
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Thus it appears that the Activated Sliulge system is remarkably 
well suited to Indian conditions both as a method o£ sewage puri- 
fication and as a means of producing a valuable fertiliser, and by 
its judicial management on irrigated plots, it is possible to obtain 
the best yields without causing any appreciable nuisance in the 
locality and without losing the valuable nitrogen in the sewage. 

Plat vs : 

Drawing No. 1 Map of Jamshedpur. 

,, ,, 2 Septic Tank. 

,, ,, :? Septic Tank adapted to Activated Sludge Tank 

(by Jones and Attwood). 

,, ,, I Activated Sludge tank. 

,, 5 General Arrangement of Air pipes. 

,, ,, r»A Details of Special Air fittings. 

,, ,, <> Details of Clifford inlet. 

,, 7 Pulsating Gear. 

,, .. S Activated Sludge Tank with modifications and 

blower house, etc. 

,. ,, 0 Oat Experiments I Man 11122. 

„ - 10 „ y , „ 1024. 

Table No. 1 Sc* wage Analysis. 

,, ,, J1 Ellluent Analysis. 

,, ,, III Sludge Analysis. 

,, IV Soil Analysis. 

,, ,, V Oat Experiment 1022 (chart). 

„ „ VJ „ „ U)24 (chart). 

Photographs- -2 Views of the* Activated Sludge plant. 

,, 2 Views of Oats. 

Graphs. I Chlorine in Sewage and Eflluent. 

,, II —Average Eflluent Analysis throughout one year. 

Note; Plates Nos. 1 and 8 and Graphs are reproduced with the paper, 
the other plates are filed with the Institution. 
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Table no. 1. 

SEWAGE ANALYSIS. 
Parts per 100,000. 
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TABLE NO. 2 

• 
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Table No. 3. 


ANALYSIS OF KU OOF. 
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(ajKither -soluble matter _ 5 7% 

(ft) SI a dire 1 from aeration tank No. I clinking the d'fTimera. 

(r) Sludge from emptied tank 

(d) Sludge from Hot tom of No. I aeration lank when emptied 
lor cleaning. 


(1) 2 Litres of Sludge as given to Dairy Farm 
taken and dried 

10.000 gallons of sludge 

Our sewage on an average yields 
sludge 

.*. 1.000,000 gallons of sewage 


- 101 Gram, dry matter. 
-0*808 Gram. Nitrogen. 

505 lbs. dry matter. 

— 4 04 lbs. Nitrogen. 

— 4*5 per cent. Yol. 

- 45,000 gallons of sludge. 
-2,272 lbs. dry matter. 


(2) In an actual experiment with 3 fillings a 
day from 22,000 c.c. sewage sludge 

obtained . . . . . . *5*5 Gram, dry matter. 

/. 1,000,000 gallons sewage . . *2,500 lbs. dry matter sludge. 

-1*1 tons. 
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TABLE NO. 4. 

ANALYSIS OF SOIL. 

* 

OAT l) V TV) RIM H XT. 

Plot No. 1 

A Her removing coarser part iclcs which formed nearly 10%, (lie 
remaining portion wax well powdered to pass through linen cloth. 


ANALYSIS of the fowi moil 

Moisture ... .. .. ... 0<>7% 

Organic .Matter ... ... ... ... 3&1% 

Silica & Insol ... ... ... .. 81 70% 

Fo a O,& Al 2 0, ... ••• ••• ... .. 8 , (](i% 

P..O, ... ... ... ... ... 0-M% 

K./> ... ... ... ... ... 001% 

Undetermined . . ... ... ... 2- 10%, 


Total. 99-99% 


Nitrogen (Kj) 9 09% 


The other plots Nos. 210 being from the same strata their 
analysis was not done. 
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EXPERIMENTS WITH OATS, 1923. 
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T able no. 6. 

EXPERIMENTS WITH OATS, 1924. 

Added Yield of green fodder Yield of 

Nitrogen 1st. 2nd. Grain Straw 

Plot Area of ^ ^ in lbs cutting cutting Total lbs lbs. Remarks 
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SOME NOTES 

OF 

CONDENSER TUBES, LOCOMOTIVE TUBES 

AND 

CUPRONICKEL. 

BY 

ALEXANDER CAMERON , Member. 


Till'! history of Solid Drawn Brass aud Copper Tula* making 
dalrs hack to somrwli<*rr ahoiil. (la* year JS;{S. I ’rev ions to this 
Tula's were made by turning up a strip of metal and brazing the 
seam -afterwards hammering the Tala' approximately round oil an 
iron bar. Tin* introduction ol‘ the Locomotive and Tubular Marine 
Boiler had much to do with creating and fostering a demand for 
Seamless Tubes. 


The lirst Seamless Copper Tubes were made by casting a cylinder 
of ('upper around an iron core. This cylinder was t urged and drawn 
hot. under a power hammer. The shell so formed was turned and 
bored, then rolled upon a mandril through grooved rolls, and 
afterwards liuished on a draw bench. At a later date a process was 
introduced lor pushing a hole through the centre of solid Copper 
Billets by means of a powerful hydraulic press. This process is 
still in use at some factories. 


Mannesman invented a process, first applied to Iron and Kteel 
but afterwards applied to Copper, whereby the centre of a cylindri- 
cal bilhd wms rupt ured by passing it through colloidal rofls the 
hide in the centre being afterwards enlarged by lorcing the billet 
over a revolving plug -thus converting the billet into a lube 
Various improvements in this process have been made by others, and 
to-day these improved rotary piercing machine* are produeing a 
large proportion of Copper Tubes- having displaced the hydraulic 
piercing process in a iiihuIht of factories. 

This paper is routined to the processes in use for making such 
Tubes of Copper or Brass, and deals with the procedure practised 
at the Works from which the illustrations have been made. These 
details do not, necessarily represent the practice followed in other 
factories. 
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Where Copper Tubes tire referred to it may be understood that 
Arsenical Copper Tubes to British Standard Specifications are 
meant, and where Brass Tubes are described the alloy will be either 
two and one quality, or 70 and 30 quality, containing, respectively, 
00#% Copper with 33J% Zinc, or 70% Copper with 30% Zinc. Ad- 
miralty alloy for Condenser Tubes containing 70% Copper, 
20% Zinc, and 1% Tin, and Naval Brass containing 02% Copper, 
37% Zinc, and 1% Tin will be mentioned specilically when they 
happen to be in reference. 

The plant used for the manufacture of Tubes is heavy, bulky, 
and expensive, requiring very considerable floor space in proportion 
to the number of workmen employed. The mechanical operations 
consume much power. The Tube Mill which has furnished the 
illustrations for this paper is equipped with 112 Electric Motors of 
an aggregate of 3,570 II. P. 

The principal plant items arc Chill Moulds for casting, Furnaces 
for melting and annealing, Pickling Vats, Machinery for piercing 
billets, Hydraulic Draw Benches, and Chain Draw Benches. The 
auxiliary machinery consists principally of Circular Metal Cutting 
Saws, Pointing Machines, Die Polishing Machines, Hydraulic 
Testing Machines, together with hundreds of Steel Dies and 
Mandrels of differing diameters and lengths. A Tool Room for 
making dies, mandrels, guages, ele., and a well equipped Engineer- 
ing Department are necessary adjuncts for maintaining the supply 
of loose tools and for dealing with the frequent and heavy repairs 
which arc incidental to this type of machinery. 

As illustrating the power required to drive the various types of 
machines, a hundred ton Hydraulic Bench needs a 225 H.P. Motor 
to drive the pumps. A set of 3 Benches for finishing Condenser 
Tubes and geared to draw at the rate of 90 feet per minute requires 
a hundred II. P. Motor to drive them. 

Seamless Brass Tubes may be said to date from Green’s patent 
of 1838. He patented a process for casting Brass Shells in iron 
chill moulds around a porous sand core. The same process without 
substantial alterations is in general use at the present day. The 
method lends itself to casting Shells of any desired weight, thick- 
ness, and diameter, such Shells being suitable for drawing on a 
bench without intermediate forging or rolling. 

There was no radical change in the method of drawing for nearly 
100 years, except that improvements in benches, giving greater 
power, stronger dogs, etc., developed as the demand for larger and 
thicker Tubes grew with the advance in engineering. 
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Hydraulic Benches were introduced about the year 1900, and 
have resulted in considerably increasing the speed of drawing, 
especially of Tubes of the larger sizes. 

The Welsh method of relining and easting copper is still the 
standard method of casting copper shells and billets for tubes, but 
the introduction of electric melting is a recent departure from the 
old time method. 

The first electric furnace for melting copper in bulk was erected 
in England in 1920. This method is making such progress in 
America that many of the largest brass factories have abandoned 
all other methods of melting. 

The selection of the raw materials is an important factor, and an 
increasing amount of attention in being given by the better tube 
makers to see that only the highest grades of materials are used. 
Eletcrolytie Copper of 99*9% purity or Best. Selected Copper of over 
99*75% purity are generally used for (lie Alloys in Brass Tubes 
whilst the exclusive use of Zinc 1 , of 99 -5% and even 99 *9% purity is 
becoming more and more the practice of some makers. 

A number of technical terms which arc used to denote various 
processes of manufacture may here be defined : - 

Billets are solid cylinders of cast metal. 

Shells are hollow cylinders either formed by easting metal 
around a sand core in a chill mould or by piercing a hole axially 
through a billet. 

Breaking down is the first drawing process in converting a 
easting or shell into a tube*. 

(let ling down is the intermediate process of drawing preceding 
the finishing pass. 

Swaging or shouldering is the process of reducing the end of a 
shcdl or tube to prevent it passing over the mandrel and to enable 
it to enter the recess in the die. 

Pointing is the term used when the end of a tube is swaged for 
about 9" and reduced to a diameter which will allow the swaged 
portion to pass right through the hole in the die. 

Coming now to present day methods of production, the manufac- 
ture of tubes is divided into two processes, viz., making shells and 
drawing shells into tubes. 

The drawing operations of Brass and Copper are very similar, 
but the method for producing shells from the two metals differs very 
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widely. It will, therefore, be necessary to deal with each metal 
separately. # 

The fact that Copper can be forced, rolled, and olherwise mani- 
pulated hoi, whilst Erass is not amenable to hot working, has an 
important bearing on the difference in the methods of shell produc- 
tion just mentioned. 

Dealing with Copper first. The great majority of Copper shells 
are made by first easting solid cylindrical shaped billets and then 
piercing holes through them axially. 

The Copper is usually limited in reverberatory furnaces having a 
capacity of from 10 to 20 Ions per charge. The charge, consisting of 
Copper scrap, standard bars, tough ingots, etc., is put into the 
furnace of an afternoon, melted during the nigh!, refined ami 
brought up to pitch ready for pouring by the time the day gang of 
workers arrive next morning. If is taken from the furnace in iron 
ladles, which are thinly coaled with fireclay to prevenf the Copper 
sticking to them. It is gently poured into cast iron cylindrical 
moulds, great care being taken to prevent splashing. The pouring 
is done by a gang of men who follow each other closely so that there 
is no break in the operation. The ladles cany about 20 lbs. of 
metal. The billets vary in weight from 1 nvl. up to 0 cwls. or mo re. 

A variation of the method of hand ladling is to mount a large 
ladle on a waggon or suspend it on a runway. 1 »y these means sufli 
cient (kipper can be carried to till a mould at one operation, except 
in the case of very large* castings. 

It may lx* well to mention that Copper is not tapped out of a 
furnace into a large receiving ladle in the same way that iron is, 
because, owing to its high conductivity, it very quickly chills. 
Where such method has been tried it has been found that the* metal 
frequently freezes in the tap hole, and, moreover, very thick layers 
freeze to the* inside of tin* ladle*. Such layers, e>r skulls as they are* 
called, are difficult to break up for recharging, lama use (kipper is 
mivUeabW at all temperatures. 11 will bend or flatten out, but will 
not fracture. 

The most recent method of melting Copper for making Copper 
tube billets is by means of the* electric furnace. The furnace having 
a capacity of 2,000 lbs. per charge is of the resistance type, the heal 
ladng generated in a resistance ring. This ring consists of a. trough 
or channel of carborundum, filled with granules of carbon. Into the 
carbon granules are introduced two electrodes one each at opposite 
sides of the furnace. The carbon granules form a circuit of com- 
paratively high resistance between these electrodes. The passage of 



CAMERON on CONDENSER & LOCOMOTIVE TUBES. 93 


a current through this circuit heats the carbon granules to in- 
candescence. The heat from this incandescent ring is radiated to the 
concave roof of the furnace and from there down on to the furnace 
lieu nh. The temperature of I he furnace is regulated by eontrolling 
the input of current. As there is no are there is no area of intense 
local heating. 

Any predetermined temperature within the capacity of the 
current supply can he obtained and readily maintained within a very 
few degrees. 

ll is usual to pour all charges within 10 degrees of tin* desired 
temperature. As the input of current is maintained during the 
pouring process no fall of temperature takes place, and as the metal 
is poured from the furnace directly into the easting moulds it follows 
I hat the casting temperature of every billet is the same. 

Billets produced by this process show remarkable similarity in 
physical and mechanical properties far iu advance of anything 
obtained by other methods. Such physical and mechanical pro- 
perties are also superior to those obtained by other processes. 
Defective billets are very rare. 

The arrangement for casting the charge when melted consists ol 
a circular revolving table to which arc attached sullicient moulds to 
take the whole of the contents of the furnace. The moulds are 
hung on trunnions that they may he lilted into a horizontal position 
for cleaning and dressing and also for withdrawing the billets. The 
furnace is arranged to tilt around (he pouring spout so that the 
whole of tin 1 pouring is done from a lixed point. A 10-horse power 
motor with a suitable worm gear operates the lilting screw which 
tills the furnace. When pouring takes place a mould is tirst put into 
position bv revolving the turntable. The turnaec is tilted until 
sufficient copper has run out to till the mould, a thin stream is then 
allowed to run to feed the billet, as it cools. \\ hen (coding is com- 
plete a partial revolution of the table removes the billet and another 
one takes its place. The operation is repealed until the furnace 
is empty. The moulds are hollow cylinders ol east iron. The top 
ends are dished and the bottom ends are fitted with east iron discs 
which have a semi-circular projection in the middle for forming a 
recess in the end of the billet . These discs are supported in position 
by carriers hanging from the trunnions. Bel ore the copper is 
poured the insides of tin* moulds and the discs are covered with a 
dressing made of charcoal and oil. This dressing prevents the 
copper from sticking to the moulds. W hen cool the billets readily 
slip out of the moulds after the supports retaining the discs are 
removed. 
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The billets after being weighed and inspected are transferred to 
I he piercing department. Here they are gardualiy heated to a 
temperature of 900 C in a continuous furnace designed with a 
sloping bottom and arranged so that the billets charged in at one end 
wiP gradually roll down the floor of the furnace during the heating 
process and be ready for discharging at the other end when fully 
heated. 

There are several methods of piercing copper billets as mentioned 
in an earlier portion of this paper. It is only proposed to describe 
one method here. It is an improved Mannesman process and is 
carried out on a Phillips Gilbert direct electrically driven rotary 
Piercer. 

In design ^the Piercing Machine consists of two direct driven 
rolls, whose angles in [dan and elevation are so adjusted on the 
receiving side, as to impart a forward spinniug action to the billet 
until the billet comes in contact with the piercing head. The func- 
tion of the latter is to pierce and distribute the heated metal m 
circular section and with equal thickness of walls. 

The rotary power is imparted to the rolls direct from two 
motors of 200 IT. I*, each, the motors being in synchronism as 
regards revs., and both are governed and started up from starters 
which are coupled together to ensure simultaneous starting. 

The total weight of the machine is about 15 tons, and the main 
parts are the bed, two housings, adjustable on bed, for varying 
diameter of tubes, two main rolls mounted on shafts carried in ball 
bearings. The two driving motors are mounted oil the housings, 
and drive direct through machine cut gears oil to the roll shafts, 

A feature of this method of driving is the elimination of loss of 
[lower through driving through lines of shafting. Every unit of 
power consumed is transmitted direct to the rolls for the purpose 
of piercing. 

Another feature of t his drive is the absence of any fly wheel, this 
renders the machine extremely flexible in adjustment for the varying 
{sizes. The range of diameters covered is from 2" up to 12". A new 
machine is in course of erection equipped up to 18" which is believed 
to be the largest in the world. 

The time taken in the actual piercing of a billet is from 15 to 25 
seconds, according to diameter and length. 

The adjustment of the rolls for the different diameters is con- 
trolled by 8 ll.P. motor, reversing, operating through a left hand 
screw at one end and right hand at the other, connected to the 
adjustable housings. 
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The pierced billets, now shells, are quenched in water on leaving 
the piercer aud are then trimmed at the ends, if they are ragged, by 
means of a circular saw. They are afterwards annealed to remove 
any internal stresses which may have; been set up in (he piercing 
operation, pickled to remove scale and then shouldered under a 
pneumatic hammer or a knuckle joint pointing machine. They are 
now ready for the breaking down draw which is given on a hydraulic 
bench of the push and pull type. All drawing is done cold. 
Mandrel drawing consists of slitting the shell on to a mandrel then 
drawing or pushing the mandrel with the tube on it through a die, 
and afterwards stripping the tube from the mandrel. 

The diameter of the die is so related to the diameter of the 
mandrel, that when the tube is passed through it on the mandrel it 
not only forces the tube down tightly on to the mandrel, but 
materially reduces the thickness of the tube wall also. 

This displacement of metal lengthens the tube, so the mandrel 
must be long enough to accommodate the increase. 

The bench illustrated has a pushing power of 100 tons with a 
pull back power of 75 tons when fed with water at 1000 lbs. 
pressure per square inch. It consists of a hydraulic cylinder IN" 
internal diameter by 25'0" long in which slides a reciprocating piston 
attached to a 9" diameter piston rod. The piston rod is attached to 
a slide at the operating end. The slide and a stay rod together form 
distance pieces supporting a drawing head. The drawing head is 
pierced with a hole sufficiently large in diameter to allow the 
largest tube to pass through that the bench is designed to draw. On 
the slide nearer to the hydraulic cylinder tin* head is recessed around 
the hole to accommodate the drawing die, whilst the opposite side is 
recessed in a somewhat similar manner to receive a split stripping 
die. The sliding support of the front end of the piston rod has a 
mandrel holder, which can revolve in a horizontal plane around a 
centre pin. This holder is bored to accommodate the shanks of the 
mandrels, which are all t urned to a standard size and slotted to take 
a standard key. The bench is controlled by a balanced hydraulic 
reversing valve. 

When the bench is in operation a mandrel is fitted to the holder 
and keyed in. The sibling holder is drawn back as far as necessary. 
A similar die is fitted to the drawing head. 

The mandrel is first swung out of line with the ( (‘litre of the 
bench, and a Tube is threaded on to it. It is then swung hack into 
line and locked on a sliding support. The bench is then operated 
In a forward direction, and the Tube end brought up to the die. 
The operator being satisfied that the end of the Tube has properly 
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entered Hit 1 (lit 1 , increases the speed of the. bench and pushes the 
Tula 1 right through the 1 dir, and through tin* bench enjJ. Tin 1 Tube 
on tin* mandrel having passed about a foot beyond the outer side of 
the drawing head, the bench is stopped. A stripping die, consisting 
of two semi circular sections which are a sliding tit on the mandrel 
is dropped into place, and the bench is reversed. As the mandrel is 
withdrawn from the Tube, the latter falls on the outer side of the 
bench, on to an inclined plane and is rolled away, leaving the spare 
free for the 1 next Tube to come. This operation has increased the 
length of the shell by about 3o%, reduced the 1 thickness by about 
2n % and reduced the internal and external diameter. The 1 Tubes 
are now hard, and must again be annealed and pickled before 
receiving another draw. If the Tubes are large they will receive 1 the 
second draw on the 1 hydraulic bench, in which ease* the sheiuldcr 
already em the Tube* ran be useel for the 1 second pass. 

If the 1 Tubes are comparatively small, say below 2" internal 
diameter, the* v will recone the* seconel el raw on a chain bench. The 
shoulder must be* cut away and a new erne formed ere* this can be* 
done. 

Geforo proceeding te> describe el raw ing em ediaiu benches, the 
production of Grass Shells will be* elealt with. As most Grass Shells 
are broken down on chain benedie*s, the one description will then 
sutlie*e for both Copper and Grass. 

Grass Shells are made 1 by casting the molten metal arounel a 
sanel core, in an iron chill. Two types of me»uhls are useMl, known 
respectively as split memlds and cannon moulels. The split moulds 
are so caileel be*e*ause they consist of two semi circular longitudinal 
see'tions hehl together by cramps when in use*. The joints are care- 
fully machined to ensure a gooel lit, collars are tit t eel top and bottom 
to carry the core. The medal is poured down an inclineel spoilt 
which is cast on to back half of the mould. 

Gannon moulds arc, as (In* name 1 implies, hollow cylinders. 
They are 1 titteel at the bottom i t li a recessed collar te> carry the 1 
lower end of the core, the* latter being helel at the 1e>p by a ring 
titled with ft wings to allow the medal to pass round the core during 
the pouring operation. The inside surfaces of the moulds are 
dressed with a mixture of oil and charcoal when prepared for 
casting. 

Grass melting for Tubes is almost universally carried out in 
coke tired pit furnaces using crucibles of various capacities from 120 
lbs. to ftOO lbs. The casting operation is the most important of all 
operations in the Brass trade, for on the soundness of the billet 
depends the quality and suitability of the finished product. Yet it 
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its the operation which culls jiius! I’m* individual skill and knowledge, 
and is least amenable to control by mechanical or other non- 
personal means. It depends almost Ynf irciy upon Hie skill of the 
raster as to whether sound billets are produced or not. for if the 
metal is too hot or too cold, or if it is poured too fast or too slowly, 
defective cast mgs result . The fact that present day pit furnaces 
are substantially the same as those in use oO or more years ago is 
not due to lack ot desire on the part of manufacturers to improve 
them, but because improvement lias not been found practicable. 
The introduction of Tilting Furnaces, and the advent of Electric 
Melting Furnaces has greatly improved the procedure of casting 
slabs, strips and billets, blit successful achievement has yet ro be 
recorded in (lie manipulation of the latter Furnaces so that the 
delicate operation of Brass Shell Fasting can be said to be possible 
by their aid. 

The procedure for casting J truss Shells is as follows : 

Tin* various components of the alloy are weighed out in suitable 
(piantities and loaded into iron pans. Each pan contains a charge 
for one crucible. The copper is first put into the crucible, and 
melted under charcoal. A handful of salt is thrown in to llux tin* 
copper oxide. Any Scrap that may form part of the charge is next 
added, and when this is thoroughly melted and stirred in the zinc 
is added also. As the zinc has a lower specific gnuity than 
copper, if tends to float on the top of Hie charge*. Constant stirring 
must therefore be maintained to prevent undue losses by evapora- 
tion of zinc, and also to ensure a homogeneous mixture. Tin* addi- 
tion of the zinc causes a considerable reduction in the temperature 
of tin* charge. The metal must therefore be allowed to remain in 
the furnace a short period to raise the temperature to pouring heat. 

Immediately the castings are solid they are withdrawn. Owing 
to the formation of a thin layer of carbon bed w een the* face* of the 
casting and the mould, the casting can be* readily lifted out. Im- 
mediately it comes in contact with the air the layer of carbon burns 
off, leaving the surface perfectly clean. The eastings are allowed 
to cool, and then the core bars are knocked out and the sand re- 
moved with a scraper and a wire brush. 

The castings are now known as Brass Shells. They should be 
smooth and clean inside and outside, and ready for breaking down 
after a preliminary annealing and pickling. This preliminary 
annealing is not carried out in all factories. The author considers 
it an important operation, aa it normalises the crystal structure of 
the metal before mechanical work is put upon it. 
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It is tiie practice in the ease of Shells for Condenser Tubes lor 
the JLlritish Admiralty to bore and turn them before tlje first drawing 
operation. This practice is also being adopted to an increasing ex- 
tent by the Advisory Engineers of the large Steamship Companies 
and some of the Engineers of land power plants for their Condenser 
Tubes. The longer life and greater freedom from corrosion of the 
resulting Tubes being considered to be well worth the small extra 
cost entailed. A large numlier of Kailway Companies also have the 
Shells for making their Locomotive Tubes bored before the iirst 
drawing operation is put upon them: 

Jlrass Shells are generally broken down on chain benches. 
From this point the oj>era(ion of drawing llrass Tubes is similar to 
that for Copper Tubes which have left the hydraulic benches. 

A chain bench consists of a shallow channel-shaped bed with a 
broad track on either side, usually made of cast-iron, and support- 
ed on cast-iron legs. At the driving end of the bench a sprocket 
wheel is tilted, over which an endless chain passes. This sprocket 
wheel is connected with suitable gearing for driving. At the other 
end of the bench is a drum to carry the chain. It runs in bearings 
which are carried on slides at either side of the bench and which 
can be adjusted by tension screws to keep the chain at a proper 
tension. At the end of the bench, opposite to the pulling gear, 
brackets are fitted to support, the die. The chain runs in the channel 
of the bench, and a pulling dog runs over the chain, supported on 
four wheels which run on the track on either side of the chain. One 
end of the dog is fitted with pliers to grasp the end of the mandrel, 
the other end is fitted with teeth to engage in the chain. These 
teeth are fixed in a counterbalanced hinged arm which lifts in a 
vertical direction, so that the teeth are automatically lifted clear 
of the chain when disengaged. 

Tin* mandrel for use on a chain l>eneh is a round bar of steed 
minced in diameter at both ends. The ends are slotted or headed 
for the purpose of engaging with the pliers of the drawing dog. A 
small turntable is placed on the floor immediately in front of the 
draw bench, in suji/iorf the mandrel when the Tube is being threaded 
on to it, and to swing if round when reversing For (he withdrawing 
operation. 

T\w d\e \s vv c\ycv\\wy w \>\eee vA slee\ \Aevc\e(\ \\vft\ v\ 

vowwd \vo\e. The hole is recessed conically to act as a lead for the 
Tube. The pulling tiff die is usually of brass. Tlic bole in the latter 
is not recessed. This die must he a good sliding fit oil to the 
mandrel to prevent the possibility of the Tube being drawn into It 
and bursting il, instead of stripping from the bar. 
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The operation on a chain bench differs from that on a. hydraulic 
bench, because the chain bench is not reversible. 

The Tube is first shouldered . It is then threaded over the 
mandrel bar. The shouldering must be such as to allow for the 
leading end of the mandrel to pass freely through the reduced por- 
tion of the Tube, but the reduction must be suflicient to tightly 
engage with the shoulder of the* mandrel, otherwise the mandrel 
will be drawn through the Tube when the drawing operation begins. 
When the Tube is threaded on to the mandrel, the leading end of the 
latter is passed through the die, and is secured to the drawing dog. 
The teeth of the drawing dog are then allowed to engage with the 
draw' chain which is constantly travelling along the bench. The 
tube is thus drawn on to the mandrel. 

As the teeth of the drawing dog are held in the chain by tension 
the dog is released immediately the tube is through the die, owing 
to the tension being relaxed. The bench operator displaces the 
drawing die, immediately pulls back the mandrel with tin* tube on 
it on to the turntable in front of the bench, swings the mandrel 
round, puts in position tin* stripping die, and pushes the reverse end 
of the mandrel through the same. .Meanwhile, the dog lias been 
returned to the front end of the bench. The reverse end of the 
mandrel is now secured into the dog and the teeth of tin* latter 
engaged with the bench chain. The mandrel is thus drawn out of 
the tube, completing the cycle of operations. 

After being drawn the tube is again annealed and pickled. 

Annealing is carried out in closed type furnaces so designed 
that, the products of combustion cannot come in contact with the 
metal which is being heated. 

Whilst this type of furnace involves greater fuel consumption 
than open or inflame furnaces, the extra cost is oil set by the im- 
provement in the quality of the material treated. If is possible to 
maintain a. far more even temperature. There is no possibility of 
local overheating or burning clue to contact with flame. Oxidation 
and scaling is reduced to a minimum, and as regards liras*, red 
staining due to furnace gases is eliminated. 

When annealed the tubes arc withdrawn on to waggons and 
allowed to cool, if of Bvuss, but tubes of Copper are quenched in 
water immediately on withdrawal from the furnace. When cold 
they are placed in a bath of dilute sulphuric arid , and allowed In 
remain there until all scale has been dissolved from the surface. 
This occupies from 5 to 15 minutes. They arc then [dunged into a 
tank of clean water to remove the acid, withdrawn and allowed to 
dry. 
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The tubes are now ready for a further cold drawing operation. 

The operation of drawing, annealing, pickling* are repeated 
several times until a tube of the desired length, diameter, and thick 
ness is obtained. 

The shoulder or collar can generally be used for two successive 
drawing operations. It is then cut away and a new shoulder 
formed. 

When finished tubes have been cut to length they are straighten- 
ed and then subjected to an internal hydraulic test of a pressure 
commensurate with the thickness and diameter of the tube, but 
always four or more times the working pressure for which the tube 
is suitable. 

An alternative method to mandrel drawing is the process known 
as plug drawing. In this process the mandrel is not drawn through 
the die with the tube upon it, but the tube is drawn over the 
mandrel when being pulled through the die. Instead of the long 
bar previously described the mandrel for plug drawing is 
a short piece of round steel- termed a plug of the internal 
diameter of the tube. It is screwed on or otherwise attached to a 
bar of a smaller diameter of a length of 15 or 20 feet. 

To the ordinary drawing bench ail extension piece is attached 
approximating to the length of the bench itself. At the end of the 
extension piece farthest from the die a pair of brackets and a plate 
somewhat similar to the die plate are provided. 

Through a slot or a hole in this plate is passed the end of the 
bar carrying the plug. Tt is prevented from being drawn forward 
by a washer, and an adjustable nut to accommodate tin 1 latter is 
screwed for a length of six inches or more. 

The overall length of the bar and plug must be such that when 
in position and properly adjusted the plug just enters the die on the 
drawbench. The slot or hole in the back plate must be such that 
the bar can readily slide backward through iT. 

The operation of plug drawing consists of first swaging down 
the end of the tube for a length of about six inches to a diameter 
that will freely pass through the die. The tube is then threaded over 
the plug and along the bar. To facilitate this the plugging bar is 
pushed backward a short distance through the back plate. After 
the tube is pushed home over the plug the swaged end is passed 
through the die until the shoulder engages with it. 
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The bench (log is provide.] with suitable pliers, which, seizing 
the swaged end of the tube, draw it over the plug and through the 
die. When the tube has passed completely through the die the dog*is 
automatically released from the chain, the tube rolls off the bench 
and the dog is drawn back to the front end of the bench by an 
automatic return device. 

it.V method ot drawing there is no lino 1 lost in stripping the 
tube from the mandrel, consequently quicker pusses can lie made. 
The tagged end increases the amount of sc rap. 

The process is chiefly used for thin and small sizes and for tubes 
which must be parallel inside. 

Another method of drawing is knmvn as hollow sinking. This 
process consists in merely drawing a tube through a die, without 
using a mandrel or plug to reduce the thickness. 

Uy this operation I la* lulu 1 is made longer and smaller in diame 
ter but the thickness is increased. It is only applicable to copper 
tubes as brass tidies drawn in this manner are rendered liable to 
season ('racking. 

This method is used chielly for the production of long copper 
tubes for beating coils or for refrigerator. The latter require very 
long lengths, 50 feet each is quite a frequent demand, whilst tubes 
of SO feet are at times requisitioned. 

The tubes which are to day receiving most attention from Metal 
lurgists and Engineers are solid drawn lubes for surface condensers 
for Marine Engines Electrical Power Stations and the like. 

Eor many years I be British Admiralty have 1 issued a specifica- 
tion governing the manufacture of condenser tubes for t hi* Navy. 
From time to time this specification lias been modi tied until it is 
now by far the strictest specification issued to govern tin* mamifac 
tore of auy tubes. The necessity for meeting this specification 
has resulted in the perfecting of device's for producing shells free 
from blow holes and other defects, the int induct ion of machines for 
boring and turning the shells before they arc drawn, special 
furnaces for annealing, improvements in the quality of steel used 
for dies and mandrels, and particularly in the means adopted 
for preventing dies or mandrels marking the tubes on the inside or 
outside. What the author believes to be the first large closed type 
annealing furnace used in the non-ferrous tube trade was intro- 
duced for the purpose of improving the quality and finish of Ad- 
miralty condenser tubes, and the first ground and polished man 
drels were used for the same purpose. Reamers for removing the 
sharp edges" and burrs on the ends of tubes after cutting and before 
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further drawing aud devices for drying, cleaning and sighting in- 
ternally, have all been developed as the result of the efforts Which 
have been concentrated on making these tubes as near perfect as 
humanly possible. 

The Admiralty specilication demands that the following tests 
shall be applied by their Inspectors to every condenser tube before 
acceptance 

Testing to l,0001bs.*per square inch by hydraulic pressure, the 
tubes being jarred or hammered with mallets whilst the pressure is 
maintained. Tried with gauges to prove the external and internal 
diameters, the thickness, and the concentricity. Hammered on the 
ends with a mallet whilst held loosely in the hand. Dropped on a 
hard wooden floor. Flattened at either end to r>/10" diameter 
without cracking. In connection with this test, the tube must yet 
be hard enough to stand screwing up tightly with taper grumets in 
the glands of the condenser without collapsing. After the tubes 
are so screwed up a gauge is inserted in each end to test for collapse. 

Examined on the outside for surface defects. Sighted for in- 
ternal defects whilst lying on a mutable fable, and with the aid of 
electric light so arranged that parallel rays can pass through the 
tube. 

Tubes which successfully pass all these tests are grouped in 
parcels of a hundred. 

Two from each hundred are selected at random, and the ends 
are heated to redness. If one tube splits the whole hundred are re- 
jected. 

If the two tubes pass this test they are then cut open and 
examined internally. If one shows internal defects, two others an* 
taken and tested in like manner. Should one of these latter fail 
then the parcel is rejected. 

Rejection of 20 per cent, of the parcels entails the rejection of 
tin* whole quantity under survey. 

In connection with the sighting test, tubes set aside are kept 
apart from other rejects and 20 per cent, are cut open to examine 
the nature of the defects which, have caused them to be thrown out. 

Tests such as these, rigidly enforced, necessitate the greatest 
swell racy and care in manufacture, otherwise the rejections are 
ruinous. 

The various tests as they have been added to the specification 
from time to time ham* brought forth the various improvements in 
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process necessar y to meet them. The flattening test caused the in- 
troduction of the closed furnace as only perfect regularity in anneal- 
ing will give the test with certainty. 

The sighting test necessitated improvements in mandrels both in 
perfection of surface and accuracy of diameter. The author can 
remember when a turned mandrel, lapped and polished would only 
draw 500 to 1,000 tubes before being worn out. To-day i! is not 
unusual for a mandrel to draw 10,000 tubes before being discarded, 
and be it remembered, its life is limited to wearing down 5/1,000 
of an inch from the original diameter. 

A mandrel for making Admiralty .tubes is something of an 
engineering achievement. A full length bar has a working length 
of -0 feet, a diameter of 525 inch at one end, with a gradual taper 
to 520 at the other end. it must bo perfectly round and straight, 
free from the slightest kink, with a surface like a mirror and a skin 
that is glass hard, yet it must be flexible and very lough, otherwise 
il would quickly snap. 

Although grinding has been a recognised method of preparing 
bars of act mate diameter for many years, it is onl t > of recent date 
that a machine has been perfected that can grind small diameter 
bars 20 feet long sufficiently accurate to meet the requirements of 
such a tube mandrel, and even to-day there is no machine which will 
grind and linisli a bar good enough. The final tapering lias to he 
dom* by hand, aiul by butting on a polishing machine. 

It is all to the good, that many of the improvements in 
manufacturing practice, originally applied to Admiralty condenser 
lubes, have gradually been added to the means for producing 
the ordinary commercial lubes. Casting improvements and 
improved annealing furnaces are features which may be specially 

referred to. As previously mentioned, all classes of tubes 

now have (heir annealing temperatures checked and regulated 
by flie aid of recording pyrometers. It is no longer a matter 
depending on the judgment of the annealer as to whether the 
1 lilies are hot enough or whether they have been maintained al 
a particular temperature for a sufficient time. The pyrometer 
answers all these questions accurately and unfailingly. The 

sighting table has revealed the possibility of intenal defects 

being caused by small bits of brass .dust and other extraneous 
matter getting into the tubes. The use of reamers for removing 
burrs, brushing out devices, etc., has developed as a consequence. 
Only a decade ago a sighting table was something of a curiosity 
found only in the examination rooms; today sighting devices are 
placed in various convenient positions in the Mills, and are used 
to examine^he inside surfaces of tubes at all stages of manufacture. 
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About a year ago my Uompauy Wits entrusted with the work of 
rc tubing the condensers of theT/S.S. “City of Uooya.” All the 
tubes apparently gave out suddenly on a voyage from London to 
Ualmtta, after being ( leaned by some process or another. 

The corrosion of condenser tubes has been studied in detail for 
some years ami extended investigations have been made by tin* 
Uorrosion Kesearch Uommittee of tin* Institute of Metals. 
Urimarily it is a chemical problem and therefore concerns the 
chemists and metallurgists rather than the Engineer. 

It is difficult for the Engineer, who is directly engaged in iie 
dustry, to keep in touch with the advances that are being made by 
the metallurgist today. Until recently the importance of I he sub 
ject was not sufficient ly recognized. To day the progressive 1 (level 
opment of the metal industry compels attention. There is an ever- 
growing appreciation of the great advantages offered by the use of 
non-ferrous alloys containing nickel and copper and the demand 
grows more 1 and more each year. 

Nickel has a decolorising power greater than any base metal in 
common use. and produces bright silver like alloys from metals 
sue]) as copper and brass. One part of nickel will completely 
decolorise, three parts of copper. The Nickel Addition increases 
the strength and the resistance to corrosion. 

It has been found that one of the chief factors in accelerating 
the corrosion of condenser tubes is the high vacua and higher water 
speeds particular in turbine plants. Another cause is the impure 
river waters and salt water used ashore and afloat. Uupro Nickel 
condenser tubes have given results which are not to be obtained 
with any other alloy. 

Uupro Nickel is a comparatively new alloy in the non-ferrous 
group, and is one of the most interesting and valuable alloys of 
nickel which has been successfully used in the form of tubes for 
condenser tubes, locomotive tubes and for other purposes where a 
metal resistive to corrosive attack is desired. 

Uupro Nickel is an alloy entirely free from zinc and is the 
least corrosive commercial alloy for Uoudcnser Tubes. It is the 
best possible material that can he used where very bad working 
conditions have to be met. 

Two or three years ago brass, in its various compositions, was 
practically the only material for condenser tubes on account of 
its durability, heat conductivity and cheapness. To-day brass is 
being substituted by Uupro Nickel. 
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(^upro Nickel 1ms been mamifachiicd in [\ u > form of sheet 
metal to] fl' numbei of \ears, I m 1 1 it is onb since the terminal ion 
of the Will* that menus have been found for Mieecssfulh mainline 
taring the metal into lubes. It rcseitiMcs Nickel in appearance. 
Inkers a high polish, and i( is not easy to distinguish it from Nickel 
by casual observation. 

1 he growing demand lor Onpro Nickel is chiclh because of iis 
natural strength and hardness and iis high resisfance to the action 
of lowperatn res above the normal such as superheated steam and 
to corrosion. 

There art* various grades of Ihe alhn. the principal ones being 
as follows : — 

bS% Copper, 2'\, Nieke] and (HI ,, Copper and UK Nickel, 
(both of which an 1 used for making Jocoinoii\c boiler stays). Cor 
locomot i\ e lubes I lie alloys OS/2 and bo aie in general use. For 
condenser lubes alloys of bo o, bo 10, So lo and SO 20 arc made. 

lit the U. S. Navy I law use 00 10 for condenser lubes and for 
feed water heater lubes the nickel content is 1o n ;,. 

Cupro Nickel alloys jiiv not subject to coriosion or season 
cracking as are the brasses and bronzes. Nickel has a protect i\e 
ell'ect upon copper in proportion direcih lining with the amount 
of nicked in t ho alloy, but it also lias the eflvci ot increasing t he* 
dillieulty of manipulating, broadly speaking, in the samt‘ propor 
tion. 

As a consequence the alh>\s a\ailablo lor one purpose may not 
he n\ uilahlc for another purpose, owing to Ihe dillicuhies of 
manufacture. This dilfirulh of manufacture obviously increases 
Ihe cost of production, so that alloys of a higher content of nickel 
cost considerably more than those with the lower content, the 
difference being much greater than would 1m* indicated b\ the price 
of the raw material. 

hi dealing with the application of these alloys, Ihe stay bars 
made ofbS/2 alloy ha\ on higher tensile strength than ordinary 
copper with an equal ductility and a greater resistance to the attack 
of corrosive water in tin* boiler. The bb 10 quality stays li?ive a 
much ifrcntcr resistin' power (o corrosive water, their tensile 
strength is much higher, and yet the ductility remains at a high 
factor. Stays made with this material can be bent double cold, 
after screwing. This is a test which can only be made with great 
difficulty even by soft copper rods. The heads of stays made of this 
metal do not burn off inside the firebox, 
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Ono of the characteristics of this metal (00/10) is its high tonsils 
strength at temperatures above the normal. This is •illustrated in 
the test sheet herewith. Particular attention is drawn to the 
elastic limit at high temperature. Take, for instance, the tempera- 
ture at -‘500 c. which is equivalent to boiling point of water at about 
2001 bs. pressure per square inch (the liiglnst pressure used by 
locomotives). It will be observed that at this temperature the 
elastic limit of copper stays falls by 50% whilst the elastic limit of 
Cupro Nickel falls only 0 or 7%. Furthermore, the actual elastic 
limit in Ions per square inch is many times higher than copper. 

Roiler tubes of OS/2 Uupro Nickel have been in use for 25 to 50 
years on many railways. They have shown great advantage over 
copper and brass in areas where* bad water conditions cause pitting 
and corrosion to the latter metals. There an* areas out in South 
America when* this metal is giving satisfaction under conditions 
where neither steel, brass or copper can be successfully used owing 
to the saline qualities of the water. Tin* 05/5 quality of Uupro 
Nickel boiler tubes are being used in areas where conditions arc 
extremely bad, the increased content of nickel proving serviceable 
in rendering tin* tubes yet more resistive than tin* OS/2 quality. 

1 would point out that Tupro Nickel, particularly SO/ 20 quality, 
is a highly ornamental metal and can Is* used for such purposes as 
curtain rods, towel rails, ships' hand rails and hand rails in power 
stations and ships generally. It is a silver white metal, very slow 
to tarnish, and is being used in quite a number of cases in connection 
with nickel-silver tittings. for bathrooms, lavatories, etc. 

In conclusion, I wish to acknowledge with thanks the assistance 
I have received from Mr. (}. II. Whiteman and Mr. A. Spittle ill tin* 
preparation of this paper and Messrs. Allen Everitts for the courtesy 
extended in allowing me to go over their Works. 
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11" dia.xr-O’ LENGTHS. YIELDS TAKEN OVER 164" GAUGE LENGTH. 
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NOTE ON THE RIVERS OF BENGAL 

BY 

C. ADD AMS WILLIAMS {Member). 


rKiNri pal kiyfks. 

The Province of llengal as no>\ < mist it tiled is supplied for Ihe 
most part witli water derived from sources w ithout its boundaries. 
The t liree principal rivers a rc the ( Sanies, lira lima put ra and Medium, 
all ol wdiich enter tire Pay ot Jlengal through a common estuary at 
the eastern end of I lie della and known as the Meghuaiesl uarv : the 
supply in these rivers is supplemented by wafer brought down by 
smaller rivers from t lu* llimala\as on the north or tin* Clmta 
Nagpore hills on the west : of the total volume of wa ter supplied by 
Ihe river system as a whole, on l\ a fraction passes to I lie sea through 
the spill chanmds which traverse the delta, such as the I lonelily, 
Jaboona, (lorai and Trial Khan : in the (‘astern portion of the delta 
beyond Khulna a large amount of water, however, spills freely over 
1 he land and is to a large extent discharged into the sea by an’ 
entirely different group of rivers to those from which spill takes 
place: these ri\ers ha\c their origin at the southern Jringe i if the 
bhil area in ( he la I it ude of ( \\ lent ta , 

composition of Tin: m;i/i\\. 

The delta of the (lunges and l.rnlimapufrn commences at 
Jbijiiiahal and extends in the eastern hoimdan of the Province. 
The ri\ ei s never attain regime. Vast ipiuntilies of finely divided 
material are transported by them every year in the Hood season of 
which a large port inn is utilised in delta building in inland tracts. 
North of the latitude of Calcutta the soil w ill lx* found to be com- 
prised of a vor> line* grey micacious sand with a small proportion of 
silt, but in I ho tidal area the character of the soil changes to a stiff 
blue clay. These deposits overlie deposits of an older age? which 
comprise layers of yellow' clay and sand. Tin* outcrop w ill be louud 
along the edge of the present, delta and the strata dip down under 
the more recent deposits : along the Flooghly they will be louud at a 
depth of 00 to 100 feet below’ the surface : north of the Canges they 
appear on the surface in the Kajshahi Division and on the east are 
marked by Ihe Madhupore jungie : there also appears to be an out- 
lier at Kushtia. The clay strata are particularly harij ami compact : 
the sand is very coarse and full of sw r eet water. It" would appear 
therefore that an old delta must have existed nt some time in the 
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past which has been depressed and that the present delta lias been 
laid down on top of it. The newer strata, except ii* the tidal area, 
are devoid of compactness and the liner particles are <%sily tran- 
sported by the wind. It can therefore be easily understood that 
rivers traversing such soil frequently change their courses due to 
erosion or concentrated spill. 

.MAJOR CHA NOES L\ THE RIVER SYSTEM : GANGES. 

A few of the major changes in the river system may be men 
tinned. If is well known that the (bulges used to flow fol* the most 
part along the western and central portions of the delta through the 
Bhagirathi and Bhairab and their offshoots: at some time not 
definitely ascertained this river forsook its old course for a south- 
easterly one, and now passes to the sea vid Goalundo : there is 
nothing on record to show that this change was the outcome of any- 
thing except normal deltaic action. Deltaic rivers not only extend 
their deltas towards the sea but also inland : due to the lengthening 
of their courses they have to rise to a higher level at the heads of the 
deltas in order to generate sufficient fall to counterbalance the 
additional length. The level of the water must therefore rise at 
the point of entry to the delta, thus creating a fresh water spill 
which raises the land by silt deposits : as the levels rise as lime goes 
on the area subject to fresh water spill must necessarily extend 
more and more inland from the original head of the delta and a 
heaping np of the deposits must lake place until the time arrives 
when the river breaks through into lower ground along the margin 
of the delta. When water from a river is released by a comparative- 
ly sudden avulsion the level is reduced, with the result" that the 
older channels are deprived of water and in consequence deteriorate : 
at the present day the main course of the Ganges runs along the 
northern fringe of the delta in full vigour whereas the Illmgirathi 
has deteriorated considerably and the Bhairab is extinct for the 
gx eater portion of its course. 

EFFECT ORTH IS CHANGE ON THE SPILL RIVERS : 
miAGIRATIII. 

Now let us trace the effects of this ma jor change a little further : 
the Bhagirathi in the days of its activity poured its waters into the 
Bay of Bengal through several mouths. At Nowserai (Tribenighat) 
the river divided into three streams : the Saraswati on the west, 
which can still be traced through the Hooghly and Howrah dis- 
tricts, to the point at which it enters the Hooghly at Sankrail at the 
western end of Garden Reach : this branch is believed to have sent 

" offshoot * he direction of Ampta but tlie exact course is not 
'^oghly, or central branch, which after reach- 
* sea through the Adi Ganga or Tolly's 
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JS T ala : the course of this old river ran still be traced to Garia, 
Baruipore and Jayuagar ; and the Jaboona, or eastern branch, which 
after passing in a more or less easterly direction to Tibbi, turned 
southwards through the central Sundcrbans to the sea : this branch 
of the river undoubtedly was responsible for the formation of the 
Matin estuary because it threw off a branch close to Basirlmt, known 
as the Bidyadhari, which after a circuitous course enters the Matin 
at Port Canning. 


BJIAIKA B. 

In the ease ol* tin* Bhairab, the head reaches are still active from 
the offtake from the Ganges to where the river joins tin* Jalangi : 
below’ this junction me river, with the exception of a lew miles near 
Khulna, is dead, together with its offshoots the Kodla, Betna, 
Kohndnk, Bhudder, Llarihar and Mukteswari: to tiie north of the 
Bhairab there are other dead mcrs which were probably dependant 
oil the Bhairab for their supply, such as the Chitra and Nabaganga. 

The Bhairab which mVans “The Terrible," was a larger river 
than the Bhagirathi. The former with its spill channels distributed 
its water over a much larger area of the delta, and there appears 
therefore 1 to be little doubt that the Bhairab was the more* important 
of the two. 


TISTA. 

Turning to the* case of the* Tista river: in 1770 this river, which 
issues from the* Himalayas close to Siligiiri, is shown as passing dm* 
south through the* Jalpaiguri, Diuajpur and Kajsliahi districts mom 
oi* Jess along the* pre\scnt course of the Atrai : it is, however, k|iown 
that this river previously traversed tin* country south of the* hills 
in a southeasterly direction e>n much tlic same cemrse it now 
follows: whether the Tista follow(*d tin* Atrai course before the 
Gauge\s broke through to Goalumlo or not is not known : if so, it is 
not cle*ar in w'hat direction it flowed to the se*a : it may have skirted 
the* northern fringe of the* Gauge! ic della. In any ease, for a con- 
siderable period prior to 1770 it must have discharged its waters 
into the Jainuna to the south of Serajgange, passing over the 
country now occupied by the Chilian bhil. 

Owing to a very large Hood the river burst the left bank a few 
miles above Jalpuiguri in 17<S7, due it is said to the enormous volume 
of sand carried down by the flood which choked tin* bed of the river. 
As a result of this irruption the Tista reverted to its old bed and 
resumed its flow r into the Brahmaputra. At the presen! day it con 
tinues to follow this course tapping many of the rivers emanating 
from the hills on its northern bank : enquiries show, however, that 
no Overflow now takes place over the right bank. All rivers lying 
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between the Tista ami the Ganges now discharge no water frenn the 
hills and are deteriorating in consequence. 

HKA IIMAIMTKA. 

The next major change was that of tJie Hrahmaputra, when this 
river left its Mymensingh course and breaking through the Jenai, 
joined the Ganges at (ioalundo. This change was probably the out 
come of the diversion of the Tista. The Hood water of the latter 
river, as already stated, used to discharge into the Jamuna at Hera : 
at this time there was a connexion between the Jamuna and Ihe 
Hramaputra through the Jenai : as a result of t lie diversion of the 
Tista the (pianlity of water entering the* Jamuna was deereased and 
more water was poured into the Hrahmaputra, so that the slope 
through the Jenai must have* been steepened with the result dial tin* 
Hrahmaputra took the least line of resistance ami I he shortest course 
to tin* sea : this change appears to have begun about lla* end of the 
ISth century and to ha\e been a comparati\ely slow one at tirst : 
there is, however, evidence to show that the waters of the Ganges 
were dammed back by those of the Hra limapul ra between ISIS and 
JSJJ, with the result that the Ganges threatened to ehange eourse* 
down (he Gorai and Madlmmati. The latter river came into 
existenecent this time; in ISIS it was a small khal, called the 
Hlankhali Khal, whereas in IS.T5 il was sot) yards wide. 

K1RT1XASA. 

Shortly after these changes the eomhiued waters of tin* Ganges 
and Hiahmaput ra broke through the narrow' neck of laud separating 
them from the Meghna : prior to (his the Ganges flowed into tin* Hay 
of Genial near the mouth of tin* Medium passing close to Mudaripur 
and Gournadi : tin* change in the course* of tin* Hrahmapulra must 
have decreased the supply of water in tin* .Medium and increased that 
of the Ganges so that the difference in levels across tin* neck must 
have* increased. A small khal, tailed the* Kirtinasa, appears to have* 
affordeel a means of passage and Ihe riven* broke* through ami joined 
tin* Meghna near Ohundporc, forsaking the* Maelaripur heel, which is 
now feel by a fe*w r small spill channels. It is stated that the e on 
uectiug link hetw'een the* old and iie»w courses w r as three to fe)iir miles 
wide in 1810 : there is a re'eord t e> show' that in 18J8 the Ganges was 
fordable abe>ve* Goalunelo, wiiich is put elown to the increase iu the 
volume of w r afcr passing dow n Ihe* Gorai. The* pressure at this point 
appears, however, to have been relieveel by the irruption wdiie li 
opened the* Kirtinasa connexion. 

MYNAfOTTA 1024. 

The rapidity with which these deltaic rivers can change* their 
courses will be grasped by the following example w r hich took place 
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last year : the Myuacotta and Trial Khan rivers between the Padma 
and Madaripur, which tiow to a large extent through the land formed 
after the Ganges left the Madaripur course/ completely changed 
their courses: the offtake of the Mynacotta from the Padma is 
seldom at the same spot for two years in succession, hut the central 
and lower reaches have been comparatively steady for some time 
‘ up to last year. The river in 15*21! was comparatively straight below 
Rerhamgange : in 15)23 the Sarsa Klial began to open : in 1021 this 
klial became the main river cutting off a large loop of the Trial 
Khan : probably in sympathy with this shortening of the length the 
river has formed into a series of long S curves above the klial, and 
in all, about 2i> miles have so completely changed course that it is 
hardly possible to recognise* the older channel. 

EFFECT OF THESE CHANGES. 

The* effect of all these changes has been that the river system at, 
the* present day is totally diffemit to that of even \\ centuries age). 
The* old delta builders which used to flow in a southerly or south 
easterly direction have* for the* most part been severed from the 
parent stream ami the*re* are in consequence* large tracts of country 
which are cut off from a fre*sh water supply. 

NEW RIVERS. 

One* of the results of these changes has beam that ne*w rivers 
have formed : tlu* dalangi opemeal about 100 years ago: originally 
it had a common head with the Matabhanga and flowing to the* 
south west crossed the* Bhairnb almost at a right angle, carrying a 
supply of water from the Ganges to the* Rhagirathi at Nadia : in 
lament years the head has closed due* to eucroarhment by the* Ganges 
which caused the Matabhanga to open an inde*pemdent intake. The 
central and lower reaches of the Jalaugi are now feel through the 
upper reaches of the Blmirab, which m>peme*el when the supply 
from the upper Jalaugi was cut off. 

Portions of the Matabhanga are also new and are believed to 
have formed only UK) years ago. This river bifurcates into two, 
one stream passing by the Clinmi into the Hooghly and the other 
supplying the Tehama ti and lower Jaboona with water. The case 
of the Madhumati 1ms already been c ited : an offshoot of this river 
to the north east of Khulna has opened in comparatively recent 
times and is called the Attarabanka or eighteen bends. The case 
of the Dhaleswari in the Mymensingh District is different : this river 
was a spill channel of the Ganges and some think was the main 
Ganges itself at one time : the Brahmaputra cut across this river 
and has appropriated it as one of its spill channels : the head of 
the Dhaleswari has in consequence moved many miles to the north 
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and the intake at tlie present, day is opposite Serajgange near 
Korabari. 

DA MO DAK. 

Tlie oiiJy other major change which need be mentioned is that 
of tlie Damodar which rises in the Chota Nagpur hills. This river 
probably at one time discharged directly into the Kay of Kengal 
at some point above Calcutta and also probably contributed to the 
formation of tin* old delta : when the Ganges tilled in tin; Kay in 
this vicinity, the Damodar began to throw down an independent 
interior delta of its own, the apex of which is now situated about 
20 miles to the west of the town of Kurdwun ; but it is quite clear 
from an examination of the subsoil that the apex has not been for 
many years in its present position, because the depth of new 
alluvium is only 0 or 7 feet: the apex has been forced at an 
abnormal rate further upstream by the hand of man by the erection 
of embankments. The left bank is now strongly held and the river 
is forced to continue its delta building functions along the right 
bank only, where the embankments were removed some bo years 
ago: about the year 1770 tin* Damodar burst its right bank near 
Selimabad and following the Gushkara khal opened a mouth info 
the Iloogldy at Falla, and it is practically certain that the head of 
the delta was close to Selimabad at that time. This change caused 
< he deterioration of the Kami Nadi, the principal channel connecting 
the Damodar with the Iloogldy. The head was finally closed at 
Selimabad by tin* continuation of the embankment across if in 
IStJfi. There was also a spill channel of tin* Damodar called the 
Kami Damodar which left the parent stream (dose to the head of 
the Kami Nadi and entered the Hooghly near Idubefia. If is 
probable that this river also expired as a result of the Damodar 
breaking away to the south. 

This change in the Damodar probably did good to the Iloogldy 
as although the river has contracted at and above Calcutta, it is 
not now called u jam to dispose of the coarse sand bro light in by 
the Damodar : on the other hand complications have arisen in the 
Falta Hooghly Point reach as shown by the abnormality in the 
vicinity of the James and Mary Shoal. 


SILT DIHTKIKVTION AND ADVANCE OF THE DELTA FACE. 


Tt will be understood that all the changes that have been 
mentioned have affected the distribution of the silt supplies brought 
down by the rivers : previous to the time the Ganges changed its 
course that river must have distributed its waters fairly evenly over 
the whole of its delta and the presumption is that the delta face 
advanced out to sea at more or less an equal rate along the s^a 
face : there may have been a somewhat greater advance on the 
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western side due to (lie additional deposits brought in by the Chota 
Nagpur rivers, and probably on the eastern side the progress was 
slower due to the faet that the Meglina earries elearer water : in 
faet, the western portion of the delta is somewlin I further advanced 
than the rest. Mueh of the silt of eourse never reached the sea. as it 
was deposited on the laud to raise its level hut when the Ganges 
went eastwards to Goalundo the majority of the silt went with it, 
and all these large rivers now discharge the major portion of their 
silt contents in the north eastern corner of Ihc Hay : the llooghly 
continues in operation on the western side, still carrying a supply 
from the C'hofa Nagpur hills and its own feeders from the Ganges: 
it will Is* noticed that on both sides of the Bay there 1 is a delta 
plinth and both, so far as can he seen, are gradually approaching 
one another: between them is a long narrow gorge as yet untilled 
called the “Swatch of No Ground.” This swatch has been assumed 
1 1 v some to he the outcome of subsidence, hut this theory has, .1 
believe, been disputed by geologists, and it seems to me that it can 
he accounted for by I he fact t hat I he t wo delta pi in t hs are tilling in 
the bed of the Hay and as yet have not met, so that a deep hollow 
still remains untilled. 


THE TIDES. 


Mention of the Swatch brings me to the question of the part 
played bv the tides on the river system. The Swatch is a regulator 
of the tides: the first of the Hood makes through it and then 
spreads, the Hood along the Chittagong coast arriving later : the 
tidal wave passes up the various rivers and in those which carry a 
large supply of upland water is damped down during the freshets, 
so that tidal action does not travel so far inland at that season of 
the year as in tin 1 dry season. In other rivers which discharge a 
small quantity of fresh water from local areas mil\, the tidal 
currents will be found to be the most violent of any in the delta. 


Hot ween the llooghly on the west and the Pussur at Khulna, 
t lie daboona is the only river which carries spill water troin the 
Ganges through the tidal area and it is in this area that u . 
action predominates. Provided the tidal wave is not obstructed b> 
a sudden narrowing of the river, the high tide levels decrease as 
the wave passes up, and it therefore follows that, m cases in which 
the tides are free to spill the land nearest the seatace must be 
higher than that further inland. The level of the land near he 
seaface is actually higher than that in the latitude of Calcutta 
where many of the tidal rivers have their origin in low lands or 
hliils : there is for instance a large group of bhils to the north-wist, 
of Khulna, the supply of fresh spill water to which is cut off hy the 
high banks of the old Hhnirab. When the tides are running high in 
the monsoon and the bhils have filled with rainwater, a tidal spill 
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from the south takes pin re into the bliils ami is gradually re* 
claiming them : the t.idnl eurreuts are moderately jftrong and the 
rivers run deep and are among the best in the delta: 1 have 
measured up to 1 Go feet of water in these rivers : soundings of 
100 feet are fairly common : many of the old fresh water delta 
builders will be found in this area and can be recognised at once 
by their tortuosity; but they are in most cases of little use as 
carriers of the tidal wave, because the wavy seeks out the least 
line of resistance and follows the shortest course : thus a network 
of comparatively straight tidal rivers will be found which have cut 
across the older delta builders and severed I hem into short 
lengths, which are disappearing one by one because the tides 
passing into them at either end, form tidal meeting grounds. 
These old della builders will not as a rule be traced below a certain 
latitude, because they have been destroyed and covered up by the 
deltaic action carried on by tin 4 tides. 

RECLAMATION. 

I now turn to the question of reclamation of the tidal areas. 
Along the sea face the land used to be covered wil.i Knnderbans 
forest right across the delta. As the land became raised attempts 
were made to cultivate it : where the water in the rivers was salt, 
reclamation could not Ik* done, except by erecting embankments 
along the margins of the tidal rivers : thus the natural spill was 
cut off and the Hood tide* had no area on which to deposit the* sill 
held in suspension, except on the beds of the rivers themselves: 
deterioration rapidly set in, showing itself at lirst in the head 
reaches, but extending rapidly towards the sea face : reclamation 
west of the Thackeran has qow reached the sea face itself with the 
result that there is nothing to keep the rivers open : the other rivers 
on the east, of the* Thackeran up to the Matla. are passing through 
tin* same phase, but deterioration is not so advanced. In the 
Subtarmukhi tin* silt banks now extend to the sea face and at the 
point where the steamer route crosses the river, where it is two 
miles wide, the channel is so tilled with accretions that three* 
fourths the river is high and dry at low f water springs. The same 
fate has overtaken the Ridyadhari due to the reclamation of the 
salt lakes to the east of Calcutta by embankments for fishing 
purposes, which have shut out the normal tidal spill. 

INCREASE IN TIDAL RANGES. 

Another effect of embanking has been to increase the tidal 
ranges : as the wafer is eon lined between embankments and cannot 
spread laterally the high tide levels have been forced to rise several 
feet : a very good example is that of the Matla : At Port Canning 
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the highest tides rise nearly JO feet above the surrounding country, 
lhe sudden contraction at this {dace opposes the progress of the 
flood tide and causes the high water to reach a> maximum level oil 
the whole river : the high tide line therefore rises higher aud higher 
from the seaface to Canning, beyond which it falls rapidly up to the 
head of the river near Calcutta, where lhe levels in springs are 
about 5 feet lower. 


EFFECT OF 


SF1LL ON TIDAL RANGES. 


When tidal rivers can spill freely it will be found that the 
tidal curves arc different to those of rivers fully embanked. The 
spill prevents the levels rising beyond a certain point and the top of 
lhe curve is cut off and llattened : in faet, it is possible by examin- 
ing the curve of any river to say at once whether there is auy spill 
of appreciable volume : am! i( is also possible to forecast the level 
to which the tide would rise if the river was completely embanked 
and all spill cut off. In the 1 case of the Fassur, for instance, 1 
estimate that high water springs would rise between 1 and 5 feed : 
this river has a good deal of spill at present. 


RELATION RETWEEN RECLAMATION AND DRAINAGE. 


When tielal rivers expire iliedr beds silt up to practically high 
water mark and form a ring fence* round the land on their hanks : if 
the Ie?vel of the* land has been prevent eel from rising by embank- 
mentis the lanel will remain as a waterlogged a rent because all mcaus 
of elrninage will ha\e been closeel : this is the* ease qt present at the 
heme] of the Eidyadliari : a position of tliis nature* is ext remedy 
difficult anel costly to deal with, because drainage has to be con- 
dueled a long distance* before* a suitable outfall can be found, anel 
the drainage head is so small that it is accessary to exeavate very 
large channels. 


VARIATION IN TIDAL RANGES. 

From what has been saiel it will he gathered that the tidal 
ranges differ in different rivers : at Fort Canning the* maximum 
rise and fall of 21 feet take*s place : oil the east in the same latitude 
anel south of Khulna the range* is only <> to H feet. It will be seen 
that in the areas in which reclamation is most advanced the 
maximum ranges will be* found and it is in this area that decay oi 
the river system has advanced almost to the point of extinction. In 
a tidal creek an increase in range often connotes an early death. 

CROSS CHANNELS: TIDAL MEETING GROUNDS. 

The north and south tidal rivers as a rule outlive those which 
run more or less east and west : the latter rivers are kept open by 
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spill on to land in their immediate vicinity. When this land is 
reelaimed the tides entering from both ends, meet at spine point in 
the cross channel and form a depositing ground : many rivers have 
been killed in this way and on this account the steamer route to 
Itnrisnl had to he abandoned east of the I’assur in lt)KS and that via 
Khulna adopted. 

There are, however, many cases in which the cross rivers are 
self maintaining: this is due to the fact that their directions are 
north east or north west ami that the tide which enters at the 
southern mouth has time to pass through before that at the 
northern mouth arrives : the two important factors are the rela 
live times of arrival of the tides in < Ik- north and south rivers at 
either mid of the cross channel and the relative strengths of the two 
tidal waves. 


Taking the case of t lie Coxnli Klufl, the Hood tide makes into 
the khal from the Jaboona at the western mouth tirst and almost 
reaches the eastern mouth before that from the Golgoosia arrives : 
the latter tide actually does enter for about half an hour and if the 
strength of the two waves was the same there would be a meeting 
ground : as however the wave from the daboona is much stronger, 
it predominates over that from the Golgoosia with the result that 
the latter is again pushed out and a through current is established. 


CHANGES IN COURSE CAUSED RY INTERFERENCE 


Ref ore 1 priced to classify the rivers mention may be made of* 
a few cases in which interference with rivers has brought about con 
siderable changes. Cuts across bends of rivers or joining two 
1 ivers should not be made until the effect of them has been fully 
studied : a good many years ago a cut was made lad ween the 
Ehairabat Khulna and the Fussur which has led to all water in this 
locality being dherted to tin* south : though this cut probably had 
a good deal to do with tin* opening of the A tiara banka and brought 
in a supply of fresh water, thus doing an immense amount of good, 
it led to the death of several rivers to the east, such as the Alaipur 
Khal and Kachooa. 


The Halifax Cut, made in 11)02 by the District Hoard of Jessorc, 
has also done immense good to the country on the west of the 
Madhumati, but the water extracted undoubtedly caused shoaling 
in the latter river. 


The cut which was made a good many years ago to join the 
Hooghly (Adiganga) with the Saraswati at Ran krai 1 was probably 
the cause of the death of Tolly’s Nala and also the Saras Avati : this 
cut is now called Garden Reach. 
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Sometimes rivers eut through the necks of bends unaided : this 
is brought about by erosion and spill across the neck : the effect of 
a cutoff' of this kind may extend for many miles up and down 
stream: in the monsoon of 1S5K1 the Gopulganj loop of the 
Mndhumati cut through and the river has not yet become steady. 

CLASSIFICATION OF TllE JU VEILS. 

Ttie rivers of Longa i can In* classified into oighl groups as shown 
below : — 

TYPE 1. Hirers emanating from the hills which possess the 
characteristics of hill torrents. These rivers carry immense quanti 
lies of detritus , are subject to short violent floods and form interior 
deltas. Most of them spill over the country in the lower reaches, 
where in many cases they are embanked. As the land is raised they 
extend t heir deltas inland and are liable to sudden irruptions at the 
heads of the deltas. Types' are the Tista, l)amodai\ Adjai, Cossye 
ete. 

TYFE 2. * Active fresh water della building rivers which are 
perennial. This group includes the Gauges, Padma and Megna and 
some of their spill channels, which in the Hood season spill their 
water over the banks, depositing a layer of silt on the land : they 
continue throughout the dry season to discharge moderate quanti- 
ties of wafer down their channels and are therefore navigable 
throughout the year to a greater or lesser degree. Tin* spill 
ehannels are very tortuous and art* liable to sudden changes in tin* 
positions of their offtakes, and it can never be stated with certainly 
where the heads will be located after the floods subside. The Gorai, 
Mudhumati, Attarahanka, Moynacofta and Naria are rivers belong- 
ing to this type. 

TYPE :L Fresh water delta building rivers which are active in 
the flood season only. This type is similar to those under type (2), 
except that the discharge takes place in tin* flood season only and is 
then cut off' by bars at the offtakes; examples an* tin* ilhagirathi, 
dalanji and Mathahauga and sometimes tin* Moynacotfa. 

TYPE 1. Inactive fresh water delta building rivers which are 
either dead or carry only local drainage. The rivers included under 
this head were at one time oil the active delta building types (21 or 
(2) : due to changes, in many eases by new spill rivers opening 
across them and beheading them, their connexions with the parent 
stream have been severed and the upper reaches have silted : as in 
the case of the Ilhaivah above Jessore, these rivers sometimes 
receive little local drainage, due to the fact that they have raised 
their banks higher than the interior land : in other eases they dis 
charge local drainage in small quantities, as in the ease of the 
Kobadak and Ohitra. 
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TYPE 5. Kemi- fresh water and tidal rivers . These rivers 
comprise the central reaches of the fresh watej discharging 
streams: they meet tidal action which is limited in extent aud 
during the Hood season continue to discharge outwards, although 
the water is hacked up by the tides : for instance in 101N in the 
Koopsha at Khulna there was slack water at high tide on the 2nd 
duly, after which date the floods gradually preponderated and the 
current continued down till the floods fell. In the dry season tidal 
influence predominates and a- reversal of the current takes place, 
hut in most cases the water remains sweet. Many of these rivers 
also tap the cross country fresh water spill and the water having 
been deprived of its silt, they arc* scoured to a deep section and are 
in tin* best condition of any in the delta. The Hooghly at (Calcutta. 
Pussur, Uagerhat, Kaliganga, Swarupkali and llarisal rivers are 
examples. 

TYPE (i. Tidal rivers discha rging la rye quantities of upland 
water . These rivers form the mouths of Ihose under type (a) and 
are subject to tidal action all the year round. * 

TYPE 7. Tidal rivers which discharge local drainage. These 
rivers are distinct and totally independent of the upland water 
delta building rivers. They have their sources in bhils (low 
swamps) generally in the latitude of Calcutta : in the monsoon they 
drain large local areas on tin* ebb and spill on the flood : in the dry 
season they may continue to spill at high water and generally the 
water turns brackish. The Kulpatooa, Habra Gong, Seepsah, 
Hhudder and Kampal rivers are examples. 

TYPE S. Tidal rivers which earn / no perceptible quantity of 
drainage ? the waters of which never turn sweet . The rivers in- 
cluded under this head are purely tidal in which the water never 
turns sweet and for the most part are situated in the Kunderbans 
area. Many of them were probably at one time of the same class as 
type fl, but owing to reclamation by embankments the spill on to the 
land has been cut off in the upper reaches and in some cases down 
to the sea : where no such interference has occurred they continue 
to spill salt water on to the land at high water and in doing so 
have raised the land near the coast, so that there if? a general ground 
slope inland : they, therefore, retard the progress of the delta 
seawards. Typical cases are the Suhturmukhi, Thackeran, Peali 
and Mat. hi. 
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STRENGTH AND WEAR OF RAILS. 


Mr. A*. />. T. Alc.uutdrr. — 1 have read Mr. Harvey’s pa*per ami 
list cued to the 1 author's lecture on i( with great interest. The paper 
will, 1 IVH sure, la* of great use to the Institution as a w hole ami to 
the Railway Members of it in particular. The conclusion as to the 
most economical section of rail to ^employed ai rived at by Mr. 
Harvey ami detailed in I lie example given on page la, although 
correct in a general way, should not, I think, be accepted in its 
entirely. In tieriding on the section of rail to be* adopted, Engineers 
had to consider other factors apart from the initial capital cost and 
recurrent charges pertaining thereto. For instanc e on a lint 1 design- 
ed to carry fast heavy t raffle, it was from a technical standpoint very 
important to use an heavy type of permanent way. This had been 
pro\cd by experiment »o give better running, less creep, and less 
maintenance charges for both track and rolling stock. The longer 
life of the heavier type of rail would be an undoubted advantage 
later on, as the date by which renewals bad to be undertaken would 
be postponed for a longer period and during that period the line* 
would be free* from many of the charges which reduced the* net earn- 
ings of n railway. Mr. Harvey lias in his table allowed for redaying 
charges but no allowance lias been made for tin* dislocation of t raffle 
which resulted when relaying hud to be carried out. The cost of this 
dislocation wusdifflcnlt to estimate but it represented a considerable 
sum to the railway administration. Similarly ‘ k pulling back ” 
owing to creep, which is more likely to oc c ur with a light Ilian heavy 
section of rail, also caused dislocat ion to t he* running of 1 raffle, and 
oil important lines every effort should he made to obviate this hug 
bear to railway Engineers. In deciding on the type of permanent 
way to be employed, I am of opinion that in addition to the* financial 
aspect of the ease as worked out by Mr. Harvey, tin* points mention- 
ed should be given most careful consideration. 

Mr. A . T. Weston . — “We can well appreciate* Mr. Harvey’s 
position. His duty is to scrutinise with the eye of a technical expert 
the various proposals submitted by Railway Engineers for replac- 
ing permanent way and the many grounds on which such proposals 
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are urged. Mr. Harvey obviously wants a standardised set oi‘ eondi 
lions wliieli he can impose upon mh-Ii proposals. In all seriousness, 
however, 1 would ask nun il he really believes (hat stiff is ticul inior- 
mation intended to rover a period ol tune ranging up to 50 years w ill 
have any value even alter, say, an interval ol* 5 years, considering 
the fact that eonditions in India, particularly in res pee t ol person 
lie), change so rapidly. Any such scheme of statistics which may be 
launched now will In* ignored or at any rate will be considered out 
of date by his successors in 5 years time. Judging the problem on 
its merits, and in view of 1 he discussion already ottered, 1 think 
there ijs no quest ion that the only practical criterion to follow is to 
trust the common sense*, experience, and competency of the Engineer 
on the spot and any scheme which may prejudice the value ol his 
judgment is, I consider, unsound. While sympathising with the end 
which Mr. Harvey has in view we can sen* the danger of theoretic 
treatment of this subject, e.g., the diagram shows that rails are 
assumed to wear in a regular fashion entirely on the lop surface*. 
In actual practice, however, the configuration of the worn surface is 
otherwise owing to won r from bit I era 1 flange pressure as well as 
vertical wear on the tread. Obviously statistics based on such 
assumptions would, if followed literally, lead to rails being left in 
service in an extremely unsatisfactory condition. For this and 
other reasons I think it impracticable or at any rate unsound to 
endeavour to control the eonditions determining tin* replacement of 
permanent way on the lines put forward in the paper." 

Mr. I. Harrci /. — The points raised by Mr. Alexander certain 
ly need consideration, but it will lie found that the economic factor 
automatically cares for the retpd remen Is of main lines wit li fast and 
heavy traffic. When comparing lighter and heavier sections of rails 
for use on a particular section of line, the lighter sections will be 
found to be uneconomical unless they are likely to have a fairly long 
life of about 25 years at least in most cases. On main lines with fast, 
and heavy traffic the gross tonnage carried per annum is hound to be 
large and the lighter sections of rails would obviously, therefore, 
have too short a probable life on such lines to he economical ami the 
heavier sections would naturally be adopted. Frequent relaying, 
with its resultant dislocation of traffic, is certainly most objection 
able but relaying once in about 25 years can hardly be considered as 
too frequent. It is uot possible, when calculating the relative, 
annual cost of different sections of rails, to include any allowance 
for dislocation of traffic and only the usual items, which are included 
in a relaying estimate, can be taken into account. The net amount 
of such a relaying estimate is, after all, the amount which a railway 
should recover before the end of the probable life of the rails by 
means of annual payments into a sinking fund or depreciation fund. 
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It appears to mo tlmt the general opinion, among those who have 
read this paper, is that my intention is lo keep I he weight of I park as 
low as possible in every ease, whereas it is just tin* eonlrary. I am 
strongly of opinion that, where the minimum permissible seel ion of 
rail will no! have a reasonably long life, it is belter anti in fact 
essential lo use Hit* heavier sort inn straight away. This argument 
would apply nol only as regards probable rate of annual wear due 
lo I lie large gross tonnage per annum to be t arried but also as 
regards any proposal or possibility of introducing on I lie section in 
<|iies1ioii heavier engine axle loads Ilian those already in use. 

I have also been criticised for making no allowance for I he fact 
I hat rails are usually laid in t ho track with the vertical axis inclined 
al an angle of 1 in 20. The experiments carried tail in America 
prosed that under each wheel tin* rail was deflected not only vertical 
ly downwards but also horizontally outwards, and the resultant 
pressure on the rail was e\ ideal ly not vertical but inclined outwards 
at some unknown angle. For all practical purposes, considering 
the number of indeterminate factors referred to in Para on of the 
American Committee's Report, tin* resultant pressure on Hie rail 
may be considered as normal to the coned tread of the wheel, i.e., 
along the vertical axis of the rail section, as I have dune in my eal 
dilations. 

Another point, which lias been brought to my notice privately, 
and regarding which it appears to be advisable to add some remarks, 
is the probable effect of age on the strength of rails in the (rack. In 
1800 the Hoard of Trade*, in the United Kingdom, appointed a Com 
iniftee to enquire into the extent of loss of strength in steel rails 
produced by their prolonged use on railways.” Among various 
tests, carried out by this Committee, were (ensile tests of specimen 
pieces taken from the heads and feet of old rails which had been in 
use from 10 to 20 years. The results of these tests gave an average 
elastic limit of nearly 23 tons per sip inch, and an average breaking 
stress of about 40 tons per sip inch. The lowest elastic limit record, 
ed was 20- 10 tons per sip inch and the lowest breaking stress 3IV82 
tons per sq. inch. As my calculations of the* strengths of rails are 
based on a working stress of 10 tons per sq. inch., this allows an 
ample margin for safety. Tin* conclusion arrived at by the Com 
iniftee in question was practically that, provided rails are of suitable 
chemical composition, etc., and free from flaws when new, they will 
not deteriorate appreciably in use under ordinary service conditions. 
The Committee in their report also referred to experiments made in 
order to ascertain the effect of speed on the track. They found that 
t he deflect ion of tin* rails at 60 miles per hour was about 20% greater 
than the deflection at 4 miles per hour under the same engine and 
train. 
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COLLOIDAL PHENOMENA. 


The J* resident. --Tin* author 1ms given us nn instructive paper 
nil a theory underlying the waterproofing of cement in parti 
cularand the decay of building materials in general. He could 
scarcely have chosen a more suitable place than Delhi in which to 
deliver his lecture, as there art* in the immediate environment dozens 
of ancient buildings so corroded away at plinth level as to be on the 
verge of collapse, but whether this particular corrosion is due to tin 
stable colloidal balance, the effect of acids produced by bacterial 
action, or excessive original loading stresses, it is impossible now to 
discover. 

In common with many engineers, my interest in colloidal 
phenomena has been principally in the line grinding of low grade 
coal with oil to form a fuel and the research now being conducted 
with Silicagels in connection with refrigeration. The author Ims 
shown in his paper that the waterproofing of concrete is not so much 
the problem of preventing leaking roofs and sweating walls as that 
of producing in the concrete a colloidal balance as regards uater to 
prevent the uHimate disintegration of the concrete. There is no 
doubt that the introduction of a colloid into concrete, which shall at 
once close the pores and reverse tin* capillarity without introducing 
internal stresses or reducing its strength, will produce an ideal con 
ertde. Jf I he metallic soaps mentioned by the author actually 
possess these properties, then they will prove of great value to the 
Fivil and Structural engineer. I do not take the alarming .view that 
all cement concrete made by the ordinary methods with well chosen, 
and graded materials ami the correct amount of water is doomed to 
ultimate disintegration by colloidal action, but there are a great 
many cases where definite waterproofing is not only desirable but 
imperative. 

The author has dealt most carefully and lucidly with the theory 
of ideal waterprooliug, but lias only referred in general terms to tin* 
special metallic soaps. It will be of great interest if, in his reply, he 
will state whether these metallic soaps arc manufactured com- 
mercially, and, if so, the trade name by which they are known. 

Tin* author is not a Member of this Institution, blit is a dis 
tinguished engineer, paying a short visit to India, and in thanking 
him for his valuable paper 1 wish also to express the pleasure which 
we experience in extending to him the hospitality of the Institution. 

Mr. ('. /?. (77/ a rt rrsi . — ( cm mi mu ni catcd ) . The Author has given 

us a highly interesting paper on the theory of making cement water- 
proof. I am in full agreement with the Author about the 
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desirability of improving concrete construction. Swelling and 
shrinking of concrete with changes in moisture are far greater Ilian 
its expansion ami eonlraelion n\ it li vintages in temperature. ('on 
crete expands and eon tracts every time it is wetted and dried, and 
when considering term concrete work it is obvious Ilia I the import 
ance of waterproofing the concrete cannot lie exaggerated. 

I, therefore, welcome the paper, and the only eriticism I have to 
make is that the Author stopped his paper loo soon and did no! go on 
to give us some results of practical experience with the metallic 
soaps which he appears to consider the best medium for fulfilling 
the conditions essential for success. 1 hope, however, that in the 
discussion oil the paper some such data will be forthcoming. 

I would ask the Author for instance to inform us in what form 
lie advises the application of the* metallic soap. Does it gi\c best 
results when mixed with the concrete as a liquid, or is it distributed 
in the form of a paste which requires reducing to a liquid before 
mixing with tin* concrete, or alternatively is it best used as a powder 
and mixed with the cement before the addition of the aggregate? 

Tt seems to me that in a country like India a tine powder will be * 
belter than a liquid as it will be more easy to ensure correct mixture 
with a powder and also it is not liable to loss by evaporation. 
Further it seems to me that when a metallic soap is used with water 
oxidisation must be set up. Is it the expansion due to such oxidisa- 
tion that is relied on to (ill up tin* pores in the concrete? If so, what 
happens when too much of 11 m* soap gathers together in one place 
instead of being evenly distributed? Disintegration would appear 
inevitable. 

I would also like to ask what c dour the soaps are in themselves 
and their effect on < In* colour ol the finished structure. This is an 
important point w here the appearance of a building is a considera- 
tion. 

Again will tin* Author tell us tin* specific gravity of the soap 
and the quantify recpiired to render concrete waterproof for different 
classes of work such as tanks, reservoirs, roofs, and cement plaster. 

I personally have had experience with only one article of the 
kind mentioned in the paper. This is Ftnllo, described as an earfliv 
Oleate or Fat which enters into a chemical amalgamation with 
cementitious substances. I find that a 2 percent, mixture with this 
powder renders concrete impervious to water, and that the treated 
conerete is certainly not less strong than ordinary concrete. 

If the Author has also had experience with this powder it would 
be interesting to know how 7 it compares with the metallic soap, 
firstly, in their rewjwctive actions on the cement, and, secondly, r» 
the pcrmanancy of their effects on the concrete. 



Til 13 IN ST IT ITT ION OF ENGINEEltS (INDIA). 

COLLOIDAL PHENOMENA. 


121 


The President. — The* author lias given us an instructive paper 
on a theory underlying the waterproofing of cement in parti 
eularand the decay of Imildiug materials in general, lie could 
scarcely have chosen a more suitable place than Delhi in which to 
deliver his lecture, as there are* in the immediate environment dozens 
of ancient buildings so corroded away at plinth level as to be on the 
verge of collapse, but whether this particular corrosion is due to un 
stable colloidal balance, the effect of acids produced by bacterial 
action, or excessive original loading stresses, It is impossible now to 
discover. 

In common with many engineers, my interest in colloidal 
phenomena has been principally in the line grinding of low grade 
coal with oil to form a fuel and the research now being conducted 
with Silicagels in connection with refrigeration. The* author has 
shown in his paper that the waterproofing of concrete* is not so much 
the problem of preventing leaking roofs and sweating walls as that 
of producing in the concrete a colloidal balance as regards water to 
prevent the ultimate disintegration of the concrete. There is no 
doubt that the introduction of a colloid into concrete*, which shall at 
once* close the pores and reverse the* capillarity without introducing 
internal stresses or reducing its strength, will produce* an ide\*il con 
crete. if the* metallic soaps mentioned! by the* author aedualh 
possess these properties, then the*y will preive of grnit value* to the 
Civil and Structural engineer. I do not take the* alarming yiew that 
all cement concrete* made by the ordinary methods with well chosen 
nnel graded materials and the corm t amount erf water is doeuned te> 
ultimate disintegratiem by colloidal action, but there are a great 
many case*s where* definite waterproofing is ne>t e>nly desirable but 
imperative. 

The author has de*alt nie>st earefully and lucidly with the the*orv 
of iele*al waterproofing, huf lias only referred in general tennis te> the* 
spec ial metallic soaps. It will he* erf great interest if, in his reply, he 
will state whether these metallic soaps are* manufactured com- 
mercially, and, if se>, the trade* name by which they are known. 

The author is not a Member of Ibis Institutiem, but is a dis 
tingiiished engineer, paying a short visit to India, and in thanking 
him lor his valuable paper I wish also to express the pleasure which 
we experienee in extending to him the* hospitality of the Institution. 

Mr. C. /?, Chartres. — (communicated). The Author has given 
us a highly interesting paper e>n the theory of making element water- 
proof. I am in full agreement with the Author about the* 
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desirability of improving concrete construction. Swelling and 
shrinking of concrete with changes in moisture are far grimier than 
its expansion and contraction with changes in temperature. (Vm* 
crete expands and contracts every time it is wetted and dried, and 
when considering ferro concrete work it is obvious that the import 
ance of waterproofing the concrete cannot bo exaggerated. 

1, therefore, welcome the paper, and the only criticism l have to 
make is that the Author stopped his paper too soon and did not go on 
to give us some results of practical experience with the metallic 
soaps which he appears to consider the best medium for fulfilling 
the conditions essential for success. 1 hope, however, that in tin* 
discussion on the pa|H*r some such data will he fort homing. 

1 would ask the Author for instance to inform us in what form 
he advises the application of the metallic soap. Does it give best 
results when mixed with tin* concrete as a liquid, or is it dist ribulcd 
in the form of a paste which requires reducing to a liquid before 
mixing with the concrete, or alternatively is if best used as a powder 
and mixed Avith the cement before the addition of the aggregate? 

ft seems to me (lmt in a country Like India a line powder will he • 
better than a liquid as it will be more easy to ensure correct mixture 
with a powder and also it is not liable to loss by evaporation. 
Further it seems to me that when a metallic soap is used with water 
oxidisation must be set up. Is it the expansion due to such oxidisa- 
tion that is relied on to till up the pores in the concrete? If so, what 
happens when too much of the soap gathers together in one place 
instead of being evenly distributed? Disintegration would appear 
inevitable. 

1 would also like to ask what c dour the soaps are in themselves 
and their effect on the colour of the finished structure. This is an 
important point where the appearance of a building is a considera- 
tion. 

Again will the Author tell us the spec i tie gravity of the soap 
and the quantify required fo render concrete waterproof for different 
classes of work such as tanks, reservoirs, roofs, and cement plaster. 

1 personally have had experience with only one article of the 
kind mentioned in the paper. This is Fudlo, described as an earthy 
Oleate or Fat which enters into a chemical amalgamation with 
cementitious substances, i find that a 2 per cent, mixture with this 
powder renders concrete impervious to water, and that the treated 
concrete is certainly not less strong than ordinary concrete. 

If the Author has also had experience with this powder it would 
Im interesting to know how it compares with the metallic soap, 
firstly, in their respective actions on the cement, and, secondly, Ft 
the permanency of their effects on the concrete. 
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Mr. Raja AV/a. - -There are a few points in Mr. Oesterblom’s 
paper, on which I would like* to have 1 soim* morn information. 

On page T»J in paragraph I, tlu* learned Author tfates that l ‘a 

large* amount of water may be absorbed by the colloidal dust 

dry.” 

In this connection I seem to think that there are various states 
of equilibrium in which varying amounts of water may be retained, 
but that the boundaries for increase and decrease of water for stable 
conditions must be defined. I would, therefore 1 , like to know what 
are* the percentages e>f water in ('olloiels (e>f common engineering 
materials) which would give the* gieutrst strength or the most stable* 
condition. *For cement such information is available* to senue extent 
but not for other materials. 

On page r>7 in the* penultimate paragraph the Author states that 
•‘the* colloidal water is distributed ove , r the* mass through 
microscopic, macroscopic or sub-microscopic capillaries in the body 
of the* gel.” I would like* to know whether the* “action of 
capillarity” in expelling water from a “gel” actually rooms into 
[day? Is it not some* different kind of action? 

On page* oN in paragraph 1 Mr. ()e»sfe*rblom states that “Manufac- 
tured irem and other medals are also colloidal in nature*- their 
struedure is elenser, anel colloidal investigations, therefore, at 
present of relativedv Ie*ss inte*re*s< .” 

Ts it an admitted fact that irem and manufactuml metals are 
really eolleddnl? Are* they not a mixture* of crystalloids and eedloids 
in ee*rtain [proportions? 

Mr. T. H . Richardson . It is a fairly <*omme)ii e*xperie*ne*e to find 
when he*avy rain occurs after a long perieid of lied and dry We*ather 
that a newly eonstrue*ted terraced roof (lime anel soork<»e* cemerote) 
leaks at the first emset of the* rains. If the* roof has beem wedl con 
structed, it is generally found that the* le*akage si ops after a short 
period and de»e*s not re-e>ceur in sul)se»ejue*nt years. 

The* taking up of the* roof may be* due* to some such action in the 
concrete as has been described by the* Author, but the important 
point is that there* is imp e*vide*nce* of the* subsequent shrinkage, the 
repof is water-tight afte»r suhseepient 1kp< se*ase>ns. It would appear 
for sueh class of work that if you can ke*ep your Sub-Overseer on the 
roof during e-oust ruction, no addition to the* e l onerete is liee'essary : 
while* if the* work is not prepperly supervisee], any moiiov spe»nt on 
special do]>es wemld obviously he waste of memev. 

Mr. Mc(Uushan. -Mr. ('hurt res has alreaelv covered most of the 
nuestiojiK 1 should have liked to have asked the Author e>f the paper 
anel the Author's reply will he of eonsidemble interest as I am 
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carrying out a large amount nl concrete work in Calcutta. We 
have used “DinUo” to a cenain extent but not yet sullicienlJy to 
arrive at a very definite conclusion regarding 11 . 1 was at one 

time strongly urged lo use a patent waterproofing material on I lie 
root of my bouse winch was a uai lime concrete terraced one and 
which had begun to leak during tin* rains, but the material got 
through the tenacing on to tin* steel joists and kept dropping 
through and staining liiriuturc and lioors. 

Air. (! . A. (Joih/itUc. ---J wish to bring lo I In* not ice ot tin* Members 
the great trouble we have in Sind ami probably in oiner pans 01 
Inilia irom ‘Txalar," l^arge areas in mat jam are iinprcgnaicu 
with salts — mainly chlorides and carbonates oJ sodium *anu some- 
times magnesium. These salts rise through masonry wim tin* 
capillary water, and when tin* water evaporates on me siirJace, tin* 
salts crystallize in the pores of tin* Imick and cause tin* best bricks 
to crumble to powder, in me ease ot new' buildings damp prool 
courses are now' pul in, but there are hundreds ol existing buildings 
w here I his is not possible. J f t he author ol the paper could shed 
some light on this question it would be very useful. 

As regards water prooiing of root's, I think that the problem is 
structural, and no amount ol “water prooiing" will solve the ques 
lion. Tin* main reason, 1 think, is the cement concrete. We allow 
centerings to remain in place for two or three weeks, and by that 
turn* the cement has set quite rigid. The removal of the 
('entering alters tin* stresses and the beam dctlecfs in places. Now 
soever small this deflection is, it causes definite strains and hair- 
cracks start, which widen and are tin* cause of all leakage of roofs. 

1 have tried an experiment of substituting the cement concrete by 
lime-concrete which sets more slowly and so there is more room for 
adjustment when the centering is removed. This was found quite 
satisfactory. Jn Madias the practice was to have jack arches ^of 
brick in lime and these gave very good results. When the cracks 
once start, no amount of Avater -proofing" can meet tin* trouble. 
Hy whatever name they go, most of the water -prooiing tillers are 
“coal' -tar” in essence and the result of using f hose is that the 
occupant, gets drops of far on his furniture during tin* hot weal Inn*, 
in place of water during the monsoon. 1 do not quite like Hie 
change. 

This question of waterproofing is very important and I wish to 
add bow grateful we all are to the author of the paper for bringing 
if up. 

Mr. Shir Narayan—C olloidal phenomena have been the subject 
of communications before Scientific Societies, and I remember 
having heard a paper or two on this subject at the Annual Meetings 
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of the Indian Science Congress. Kecent books on Chemistry devote 
consideral>ie sluice to colloids, sols, and gels. In the realm of Pure 
Science, crystallography and colloidal phenomena ha^e been fruit 
fit 1 aids to research. It is, however, not so common to lind colloids 
peing considered in connection with Applied Science. Mr. Ouster* 
blom’s paper breaks new ground and should be particularly 
welcomed on that ground by those who believe in the co-operation 
of thinkers and workers. It is only another confirmation of the 
l rulh that knowledge pursued for its sake does enable 11 s to gal her 
a good harvest sooner or later when principles discovered in 
laboratory by scientific savants are applied by studious engineers 
lo industrial problems. The present paper points the way to an 
.investigation of I he problem of how to delay the ravages of time 
ami to build structures that will last practically for all time — to 
explain the reason for the survival through centuries of ancient 
pyramids, pillars, and paintings that have been praised by perplexed 
pilgrims who have sought in vain to learn the secret of their success- 
ful stand against the forces of decay. Waterproof paint is 
suggested as an obvious aid to preservation. Was it used by the 
ancients? What other aids did they employ? 

Mr, N. M, Abdulla . — In tlu* Kail way Quarters at Kalya 11 on the 
(i. 1. 1\ l had built cinder-mortar rooting in jack arches. The pro 
portion of ingredients was 1 part lime to 2 parts of cinders well 
ground in a mortar mill. 

I 11 the first monsoon all the roofing leaked very badly, to stop 
this pudlo was applied mixed with 2 parts cement in i" thick plaster 
all over the roof. This stopped the leakage and there was no further 
complaint. 

The cracks in plaster during the hot season were repaired with 
cement mortar. 

* 

Mr. Mawson , — My experience has been that Portland Cement 
Concrete, if properly proportioned and executed with suitable 
materials, great care, and skilled supervision and labour, proved 
to be both watertight and impermeable and required no additional 
colloidal mixture for internal waterproofing. Does not the Author 
consider the water content as most important and condemn the 
modern practice of using excess water when mixing to enable the 
concrete <0 flow into position instead of being properly mixed with 
the correct proportion of wafer and placed in position and tamped 
properly. 

Mr. 1). Webb . — fck I would like to support the remarks of several 
previous speakers by emphasising that no amount of patent 
filling or lubricant in the form of Metallic Soaps such as Pudlo, 
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Toxement, Truscon, etc., will render concrete dense and water* tight 
unless the aggregate be properly graded sand suitable in size and 
texture and free from organic matter and the water quantity 
correct. Likewise, the mixing, pouring, and tamping must be pro 
perly and thoroughly carried out and “scamping” of either of these 
essentials can never be compensated for by the addition of patent 
colloidal preparations. However, I am of opinion that the Metallic 
Soaps referred to by the Lecturer are really useful in water proofing 
reservoirs, tanks, and similar structures for holding water and, also, 
that their use in ordinary reinforced concrete construction is a 
valuable insurance against early and unexpected decay of the steel 
reinforcement.” * 

Mr. B. Anantacharya . — Cracks and subsequent leakage in cement 
concrete of roofing, flooring, etc., can be stopped by using a richer 
concrete mixture of say 1-12, properly graded ami well mixed for 
the topmost layer exposed to the sun’s heat with light reinforcement. 
This experiment was actually tried in the case of a leaky flat roof 
in Thana. A 2" layer of cement and gravel concrete was laid with 
light 1/S" wire reinforcement 4" apart. The leakage has now 
entirely stopped. 

This method seems to be very much preferable, to the external 
applications as the latter are likely to hinder also farther setting 
of concrete though to a small extent as all subsequent absorption of 
moisture from atmosphere will be shut off. 

Mr. L Ocsturblom . — If I may be permitted to do so it would be 
convenient to answer many of the comments by mfcins of some 
general remarks, which would be suitable to most of them. 

Concrete and the preservation of concrete seems to have been in 
the mind of most in discussing the paper — as indeed it was in the 
mind of the writer — and it was well that emphasis was placed on 
concrete, although it should not be forgotten that the paper has a 
much broader significance. 

With few exceptions, however, the problem of waterproofing 
roofs seems to hate been the one that has offered the greatest 
interest. And this is really turning the problem upside down. It 
lifts always been my contention that a roof cannot -be properly water- 
proofed by adding any waterproofing substance to the concrete. Mr. 
Gokhale expressed the same idea when he pointed out that the 
problem was chiefly a structural problem. No matter how impervi- 
ous the concrete, cracks are sure to occur for reasons that have 
nothing to do with the waterproofing of the mass; through these 
cracks vpill then pass the water and all efforts to waterproof will 
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then have been in vain. There is only one proper method to water 
proof a roof and that is to use an elastic covering on top of the con 
crete. This elastic covering will then follow the changes in the con- 
crete whether these be caused by variations in temperature, 
structural strains, or colloidal transformations. 

Still it might be worth while to point out that if absolute dryness 
is not required it might be sufficient to waterproof the mass of the 
concrete, which is undoubtedly the cheapest of all processes. It was 
being done during the war by the British Authorities, who purchased 
from the company T represent large quantities of concrete water- 
proofing for roof construction. They did so against our advice, and 
fully realizing* that the responsibility for failure would be their own, 
later on they declared that they were satisfied with the results. 
Presumably the construction was not intended to be permanent. 

While T am pointing out these things as a matter of mild protest 
T am even more anxious to deflect attention to foundation problems. 
Here is where serious destruction very often occurs and evidently 
with the most disastrous results. Unfortunately foundations are 
always concealed so that news about a coming disaster is therefore 
very unexpected and very sudden. Reconstruction of foundations 
under some large buildings in America is not entirely unknown, 
although the fact usually is kept very secret. Obviously those 
Architects or Engineers who have once seen the disastrous results 
are very careful thereafter to safeguard their foundations to the 
very utmost. It is cheap to use the necessary safeguards in advance ; 
it is expensive to rebuild the foundations afterwards. 

The general tone of all the comments seem to have been to 
emphasize the necessity for good materials and good workmanship. 
This of course is what one might expect in this assembly ; still it is a 
pleasure to hear it. Tf it should be thought, however, that the 
waterproofing of concrete were intended as a substitute for good 
materials and workmanship a protest would be in order. 

The waterproofing of concrete is intended as a still further im- 
provement on good concrete : even the best of good concrete is not 
good enough until it has been waterproofed. What T have just said 
is not to be taken as a criticism against even the best engineer : for 
reasons colloidal, which I have explained in my paper, it is in the 
nature of concrete to be porous. This porosity may be due to work- 
ing conditions, but is even more so due to unavoidable colloidal con- 
ditions, which must he met and should not be avoided. 

While I agree with Mr. Mawson in his appeal for good concrete 
and specially wish to support him in urging dryer mixtures and 
more ramming T believe him to be wrong in thinking good concrete 
alone as good enough for permeability. My answer to Mr. Mawson 
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on this point is contained in my paper : it is the water in the con- 
crete, which ultimately destroys it, that makes the concrete at the 
same time have the appearance of tightness. The appearance is an 
illusion : it is a temporary tightness which signifies the presence of 
a very heavy internal stress. 

For Mr. Chartres’ comment that l have stopped my paper 
too soon 1 am specially thankful : this I can only take as a compli- 
ment. 1 had always thought that lor this subject the discussion 
would be more important than the paper ; the purpose of the paper 
should be only to direct the thoughts of the meeting along these 
somewhat new lines, which 1 hoped would be fruitful not only for 
the meeting, but also for further study. Many points of practical 
significance have already been brought out during the discussion. 
As a. specific answer to Mr. Chartres I beg to add the following: — 

it is my opinion that a paste added to the water is the best means 
lo secure uniform results. It is easy to mix the paste uniformly 
with t he water and to see that it lias been uniformly mixed ; it is 
easy also to obtain uniform mix of the aggregates and the water. 
Hut the same is not true about a powder, whether same he mixed 
with Ihe cement or the water. The company 1 represent Cried it 
fifteen years ago with very unsatisfactory results. In regard to 
oxidisation it is my belief that same would nol occur with the 
metallic soaps. These an 1 fully saturated compounds and would not 
break down except under the effect of strong re agents and under 
specially favourable conditions. The specific gravity of the metallic 
soaps 1 do not know ; the quantity required is very small : from five 
to eight pounds per cubic yard — the weight of the concrete won hi 
therefore la* very little affected by the addition. The colour is very 
neutral, almost the same as for cement. 

In answer to the specific question of the Chairman 1 beg to state 
that the compound 1 have had in mind as representing the farthest 
development of the science of waterproofing is the “Truscon Water- 
proofing Paste.” 

Mr. Shiv Narayan discusses like a true philosopher. He is 
looking far ahead and he is also trying to judge from the past. I 
take it that his questions are not for the speaker hut rather for the 
profession as a whole. They are well worthy of consideration. 

Mr. Gokhale’s problem with capillary water in the walls of the 
buildings in Sind is no different from other problems of water rising 
in the Avails except that the water is saturated with salt solutions. 
There is only one proper way of curing an ailment of this sort and 
that is to build a waterstop in sections through the entire building. 
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Ordinarily the capillary water is alkaline through travelling through 
masonry ; a temporary protection can then be applied on the inside 
by using an anti-alkaline paint. Water will still ritfe in the wall, 
but it will come to the surface on the outside only. This is always 
an unhealthy condition and a waterstop is very much to be 
preferred. As 1 do not know of any reliable paint to resist the salts 
mentioned I can only recommend for the conditions described that a 
waterstop shoulo be built in. 

Mr. Webb is perfectly correct when he says that no amount of 
waterproofing will take the place of good concrete. If he should 
think, however, that good concrete will take the place of water- 
proofing 1 must refer him to the answer 1 have already given to Mr. 
Mawson on the same subject. In Singapore recently 1 challenged 
one of the 1\W. I). engineers to prove his statement that he could 
make impervious concrete. He mixed the best concrete he knew 
how, to all appearances too dry for hydration, placed it on a road- 
snrface six inches thick only, and then had it rammed for one hour, 
until it appeared wet all the way through, by a gang of coolies stand- 
ing so close together that there was no room for another. After the 
concrete had been set absolution tests were made and it was found 
that one and one half per cent, by volume represented voids, which 
had been filled with water. If the same slab of concrete had been 
used as a waterstop it would have acted perfectly. Through the 
absorbed water and the colloidal expansion all the pores would have 
been closed. The usual phenomenon : Watersoaked concrete act- 
ing as a waterstop. We must remember, however, that watersoaked 
concrete'has no permanent structural value. 

Mr. Baja Bain raises some questions regarding the nature of the 
colloidal phenomena. We can hardly talk about transmutations 
from Colloids to Crystalloids or vice versa . It is merely a 
question of the prevailing conditions and specially the extent of 
granulation of the colloidal dust. On this depends the amount of 
surface energy, and on this again it seems to depend, if the material 
is going to act as a crystalloid or a colloid. Capillaries have nothing 
to do directly with colloidal phenomena ; they merely serve as con- 
veyors for the water or any other disperse medium. Iron has been 
studied chiefly from a crystallie point of view, but the question may 
well he raised if much of the mass which is now considered as 
crystallie, but of extremely small size, is not truly colloidal 
material. How else are we going to explain the extreme density of 
this material? The difference of behaviour of different kinds of 
cement from a colloidal point of view would undoubtedly be an 
interesting scientific problem ; it is a problem of the future about 
which the speaker can give no information. 
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NOTE IN REGARD TO BIBLIOGRAPHY. 

Several books and monographs have been reviewed. The follow- 
ing I have found specially useful and would recommend for every 
engineer’s library : — 

Two pamphlets by Dr. W. Miehaolis on the Hardening of 
Cement (Chicago 1907 aud 1909). 

One pamphlet by l)r. A. E. Toernebohm “ Tiber Die Petro- 
graphie des Portland Zements ” (Stockholm 1H97). 

Several Papers by Prof. Alfred II. White and specially “Integral 
Waterproofing for Concrete” (New York 1923). 

“An Introduction to the Physics and Chemistry of Colloids” 
by Emil Hateheek (London 1922). This is a small, very well 
written, and very useful book. 

“ Elements of Engineering Geology ” by Kies aud Watson (New 
York 1921). An excellent standard book. 

The following are nooks on a larger scale for more advanced 
study : — 

“ Outlines of Physical Chemistry ” by G. Sen ter (London 1923). 
A very good standard book in its 11th edition. 

“ The Chemistry of Colloids ” by Richard Zsigmondy. Theore- 
tical, with many engineering applications (New York 1917). 

“A Handbook of Colloid Chemistry” by Dr. W. Ostwabl 
(London 1919). A well known book, chiefly theory. 

“ Theoretical & Applied Colloid Chemistry ” |*v Dr. W. Ostwabl 
(New York 1922). A series of lectures mostly about technical 
applications. 

“ Kappilar Ohemiebyll. Freundlich (1920). Well known but 
personally unknown to the Author. 

“ Applied Colloid Chemistry ” by W. I). Bancroft (New York 
1921). A most excellent practical book. 

“Protein and the Theory of Colloidal Behaviour” by Jacques 
Loeb (New York 1922). Chiefly for Biologists, contains also general 
information. 

“Monographs on the Physics and Chemistry oP Colloids ” by 
The Svedberg (London 1922),' etc. Extremely well written, but 
chiefly theoretical. Three monographs, or possibly more, have been 
published. 

Not*. — Oswald's ond Zsigmondy's books are translations from the German. 
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Mr. 7t\ WolfcndvH . — I think it is very appropriate that I 
should say something on this paper, as we have recently started up 
mi “Activated Sludge riant’’ at the Bengal Engineering College, and 
as 1 have been watching its operation since the beginning of 
November last. The plant is still under the charge ol* Public Health 
Department of Bengal, but will ultimately come under the care of 
the college authorities, and will work under the supervision of my 
self as Professor of Mechanical Engineering and Superintendent of 
Workshops. Although, therefore, not in actual charge of the plant 
at present, 1 have been following its working with close* interest, 
and latterly with some degree of anxiety. Perhaps I had better 
give first of all a history of the works. The design of the tanks was 
done by the same people who have designed Jamshedpur works. 
The construction began somewhat about the same time as the con 
struction on the Jamshedpur scheme. No money was, however, 
allotted by the Government for flu* completion of the works until 
late in 1023 so that the whole scheme has been held up until 1024. 
There were further troubles about starting and maintenance last 
year, so that the plant did not begin to function until the beginning 
of November of last year. As the plant would finally have to work 
under the college authorities, Mm* appointment of staff to run tin* 
plant was left to the College. 

I had considerable difficulty iu getting an assistant to take 
charge of the plant. 1 interviewed nearly 1-0 candidates, most of 
whom were Indians, and practically all of them withdrew when they 
saw the nature of the work. The prospect of having to supervise, 
the repair of valves, or to keep machinery which actually dealt with 
sewage in proper order, w as sufficient to deter most of the candidates 
from taking the post. This difficulty may not he felt so much out- 
side Bengal, but it certainly operated strongly iu that province. It 
has also been almost impossible to get fitter inistries in connection 
with this work. Since November there have been several engaged, 
but they all left when anything was wrong, the reason being that 
iu Bengal inistries are strong caste men. However, we have now* got 
a suitable assistant in charge, although the niistry problem has not 
yet been satisfactorily settled. /The plant is designed for 1,200 
people, but when the plant was started up there were only about 4 HO 
people in the compound. The plant was designed on very similar 
lines as the Jamshedpur plant. The blowers deliver against a 
pressure of 4 lbs. per square inch. From 8 to 11-30 a.m. and from 
12-30 to 4 p.M. and from 5-30 to It r.M. the blowers are driven by 
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electric motors ns during those hours our main power plant is work- 
ing. From 1 1 30 a.m. to 12-30 p.m. and from 4 to 5 30 p.m. the power 
plant is stopped so that during those hours the blowers are driven 
by a SI I?. 11. P. Campbell Crude Oil Engine. In Mr. Temple's 
paper he mentions that he had trouble with his oil Engine and also 
mentions that his Engines are not correctly proportioned for the 
work and are not running economically. 

i have had a certain amount of trouble with our own small engine 
driving the blowers. As it is too powerful for the work and because 
of tin* very light load it carbonises badly. 

We have tried all sorts of mixtures but cannot get rid of exces- 
sive carbonisation, and there seems to be no doubt that it is due to 
t he engine 1 running on a much smaller load than that for which it is 
designed. 

1 should like to give a fairly detailed account of what has 
happened in the sludge 1 tanks. 1 wish to emphasise; that the sludge 
tank is not under our charge and therefore my account is that of an 
interested observer, hut one to whom the results are of vital im- 
portanee as we ultimately have to accept the 1 scheme from the 
Public Health Department. 

The Plant was started up by lilling the tanks with water and the 
blowers were operated and aerated the waler. 

The sewage* was admitted gradually and the manner of operating 
the plant was as follows : — 

* 

Sewage was pumped into t he tanks from S to 1) a.m. and then no 
further pumping took place until 2 p.m. when pumping again took 
place for one hour. 

Aeration took place from S v.m . to f> p.m. continuously, the plant, 
being shut down at 0 p.m. The* liquor in the chamber immediately 
before the settling chamber was tested twice a day, and after about 
a week’s aeration sludge settled out when the testing flask was 
allowed to stand for about one hour. 

By the middle of December the amount of this sludge had 
reached about 4%. Tests were made for ammonia and nitrites. A 
few drops of NessleFs solution should give a yellow colouration if 
Ammonia is present. 

I c.c. of Knlplianilic acid and'l c.e. of Naphthylamiue gives a 
crimson colouration on standing from 5 to 10 minutes if nitrites 
am present. 

The tests first, showed that ammonia and nitrites were present 
in the effluent in abundance ; but by the middle of December they 
were present, only in slight traces. The effluent was fairly dear. 
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At the beginning of January the population of the compound 
wa« increased by about 150 people. For the first few days the 
chemical tests of the effluent showed increased traces* of ammonia 
and nitrites hut later these traces became faint. 

The aeration sludge did not increase beyond 4%. 

The sewage is now pumped for 15 or 20 minutes and then pump- 
ing is stopped for two hours after which pumping again takes place 
for 20 minutes and then stops for two hours and so on throughout 
the day. The aeration takes place continuously from 8 a.m. to 
11. f.m. , that is, the working of the blowers is increased by a period 
of 5 hours. Since that time the effluent has contained a diminishing 
sludge content. A flask of effluent after standing for one hour con- 
tains considerably less than 2 per cent, of the sludge. The liquor 
is fairly highly coloured compared with what it was, although 
there is very little smell. It seems to me that these conditions indi- 
cate that the sewage is overblown. Mr. Temple on page 75 says : 
“When a sewage is overblown which occurs when the quantity is to 
be treated is too little for the tank, the sludge burns out and 
diminishes in volume and the effluent becomes colloidal.” 

I should like Mr. Temple’s observation on this point. Mr. 
Temple has also said on the same page : “ It has been established 

that there is a minimum and maximum period of aeration for any 
particular sewage, and there is also a minimum and maximum per- 
centage of sludge to be introduced into the sewage if a clear and 
stable effluent is to be produced.” 

In the College plant there does not seem to be any accurate 
method of regulating the percentage of sludge introduced into 
sewage. There 1 has been great difficulty as regards the diffusers. 
The diffusers have been covered with a silty deposit, and it has been 
very difficult to keep them from rapidly choking. They have been 
cleaned By blowing compressed air through them, as there is an air 
compressor in the College. J should like to ask Mr. Temple about 
the influence of the hardness of the water both on the deposition of 
silt and on the formation of the sludge. The water at the College is 
taken from the ITooghly river and is very bard. At present it has a 
temporary hardness of 8*5 and a permanent hardness of 14*5, giving 
a total hardness of 23. It goes up, however, in the hot weather to as 
much as 35. The sulphates present are copious. It seems to me 
that these facts will have a very considerable influence on the work- 
ing of such a plant. I am a mechanical engineer with no previous 
knowledge of sewage disposal, and I should ifke Mr. Tempi’s obser- 
vation^ on this point. I may say that the sewage is reported by the 
chemist sent by the Patterson Engineering Coy. to be particularly 
strong, very much stronger than at Bangalore, where therfe is an : 
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acmuted sludge plant suceessi inly working. lie report** Unit all tile 
unue seems to liud its way into rue sewers wlueli is unusual will! an 
luuuui sewerage piaut ot any kind. 

r rom iny own observations and from .Mr. iVinple's^pnper it 
seems 10 me unit this process requires mi expert chemist mm a 
nacierioiogist on the piaut. Air. Temple s own Idaut has been work- 
mg tor ^ or d years ana ins paper mu mates (hat even now there an* 
dime times which necessitate constant and expert supervision of the 
plant, which makes such a system unsuitable lor Aioliusil stations, 
ami winch adds to the expense ol tin* sewage disposal. The space 
occupied by the disposal tank is ot course much smaller in me 
Activated {Sludge bystem, and the system is therefore valuable and 
important in large towns where laud is very valuable. 

J am very pleased to be able to hear All*. Temple's paper as his 
experiences recorded in it will be a most valuable help to other 
people connected with new Activated ►Sludge riant Schemes. 

Mr. t\ V. Temple . — The only mlormation we have 1 - regarding 
the Si bpur Activated Sludge Plant is that given in All*. (j. Uransby 
Williams' new book on Sewage Disposal in India and the Fast. 
From that it appears that the total capacity ol’ the aeration tanks is 
<L>,-U<S c.it. to which must be added the 11)0 c.ft. of the disintegrating 
tank, for tne sewage is mixed with the return sludge before it enters 
that, and aeration commences there. The total aeration lank 
capacity is therefore o,udS c.ft. Allowing for 20% sludge constantly 
maintained in the tanks (and it is extremely unlikely that a greater 
pereentage will be attainable even if desired;, the aerating capacity 
would be 2, OKI c.ft. which is large enough to deal with the sewage of 
J, 500 persons at least. At the time when Activated Sludge Ltd. 
were designing this tank they paid very little attention to the rela- 
tion of lank capacity to the number ot users and only worked on the 
volume of liquid. Seeing that tin* total population, served is now 
only about 000 persous it is hopeless to expect that the tauk will 
work properly unless some part of the aerating capacity is cut out. 
There should be very little difficulty in re arranging the tanks so 
that this can be done. The tirsl length of tank which extends the 
full 72 ft. would probably be ample. All the indications given in 
Air. Wolf end oil's remarks point to the burning up of the sludge bv 
over blowing, or to the possibility that no sludge is now being 
formed for want of a sufficient nucleus. The fact that about 4% 
sludge was formed when the blowing periods were shorter and that 
the sludge 1ms diminished since the blowing periods were lengthened 
supports this view. All of this emphasizes the necessity, which we 
have frequently been at much pains to demonstrate, of proportioning 
the size of the plant correctly for the work that it has to do and for 
the necessity of measuring that work by the amount of putrefactive 
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matter to be purilied, or in other words by the number of people 
served. 

Mr. Wolfeiulen mention* that there are frequent accumulations 
of silt on the diffusers. This is to he expected when the blowing is 
intermittent, with hj^ng periods ot rest, as it is even now, the plant 
being shut down at night. To keep the did' users clear, blowing must 
be continuous or very nearly continuous (the use of Pulsating Gear 
would not lie considered as making the blowing intermittent Irom 
this point of view). Our experience shows that intermit tent blowing 
even on an intermittent supply ot sewage is laid for the working of 
the tank not only in musing aeeumulat ions of silt on the diffusers 
but also in upsetting the baeteriologieal and ehemieal aelion. To 
make tin* Sibpur Installation a success, it will he necessary to reduce 
the aerating capacity and to arrange for continuous aeration night 
and day. 

Mr. Woliendcn says that the plant was designed on “very similar 
lines to the Jamshedpur Plant.” ►Superiicially this is true. There 
are, however, some very important variations between the two 
designs. The Sihpur Plant contains a disintegrating tank; the 
Jamshedpur plant does not. We lm\e been able to obtain no infer 
mation regarding tbe working of this pattern of disintegrating tank. 
It was titled in the Moreton Plant, hut no icierence has heel) made, 
that we cau lind, to its working there. It has not been titled to any 
oi the Manchester Installations. At one time we considered the 
desirability of adding it to the Jamshedpur Plant , but on earelul 
examination we were very tar from being convinced that its design 
is satisfactory. It would be interesting to bye pass it in the Sibpur 
Plant and see what difference occurs in consequence in the worning 
of the plant. 

in the Jamshedpur Plant it is possible to bye pass 1/Jrd or 
ii/Jrds of the aerating tanks a I will. No such provision has been 
made in the Sihpur Plant. We consider that provision of this kind 
is essential. 

In the Sibpur Plant the return of the sludge from the bottom of 
the settling hopper to the re aerating chamber is by gravity ; in the 
Jamshedpur plant it is by an air lift. This is probably one of the 
most important differences in (he design of the two plants. We have 
found control of the volume of return sludge of the greatest possible 
value. From the drawing it appears that it would not. be very 
difficult to instal it in the Sibpur Plant and it would certainly be 
worth while to do so. 

The intermittent supply of sewage at Sibpur should not seriously 
affect the working of the plant unless the volume pumped in at any 
one time is so great in proportion to the volume in the tank as to 
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cause short circuiting and discharge of nnpurified sewage at the out- 
let. Continuous flow of sewage is undoubtedly convenient for even 
working of any plant, but at Jamshedpur, where the flow is almost 
continuous, the strength of the sewage varies very greatly at; 
different < imes of the day . The statement by the chemist of the 
Paterson Kngineering Co. that the 1 sewage is very strong is of no use 
for purposes of comparison as no figures are given in support of it. 

We do not think that the hardness of (lie water is likely to affect 
the sludge, though this is possible. We think that probably the 
sulphates will pass out with the effluent.. 

We agree with Mr. Wolfenden that the process requires supervi- 
sion by an expert bacteriological chemist. The system in its present 
form is certainly not suitable for small mofussil stations, which 
cannot afford to retain such a man. The full value of the system 
cannot be realized unless full value can be obtained from 
tin* use of its products, namely, the effluent for irrigation and 
the sludge as a fertiliser. Under suitable conditions, namely, the 
presence of a large enough quantity of sewage to justify overhead 
charges in the employment of really skilled men, suitable lands to be 
cultivated and a market for the crops, flic system already begins to 
compare favourably with other systems, but it is not suitable where 
some cheap method of rendering a small quantity of sewage fit to 
throw info a large quantity of river water is required. 

CONDENSER TUBES, LOCOMOTIVE TUBES AND 

CUPRO-NICKEL. 


Thr Prrsirfent . — The careful and detailed description which the 
author has given of the manufacture and properties of cupro nickel 
will prove of great value to those of us in India, who are users of 
this comparatively new material. 

Some 20 years ago, 1 was interested in a somewhat intricate 
valve gear when* the superheat and velocity of the steam were 
comparatively great and in the const ruction of which all yellow 
metal alloys had failed. It was decided to try to cast the parts 
from an alloy of Nickel and Copper and although many varied 
percentages and temperatures were tried, all the eastings came out 
coarse, porous and useless. Tt is clear that great advances have 
been made by the chemists and metallurgists since that time and T 
wish to ask the -author whether modern Cupro-Nickel can readily 
be cast for small special parts, and if so whether the castings are 
dean and close grained and whether any special precautions are 
necessary. 
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Tin* corrosion and erosion of condenser and boiler tubes is a 
difficult and complicated problem and it is almost impossible to 
predict results unless conditions are exactly similar, to those of 
which experience has already been gained. Some time ago I had 
experience with a surface condenser used in a chemical works to 
condense the steam which was mingled with gases from process 
evaporators. The condenser was of the ordinary type with the 
injection water in the tubes and the gases bowing across the tubes. 
Although the tubes were of a specially selected yellow metal alloy 
they corroded through in six weeks and new replace tubes showed 
heavy corrosion in one week; the corrosion in both cases was 
considerably more marked on the side of the tube opposed to tin* 
(low of the gases. Hecnuse of this and because time was of im- 
portance T reversed the condenser connections and caused the 
gases to flow through the tubes and the injection water to surround 
tin* tubes. The efficiency of the condenser was of course reduced 
but flu* vacuum obtained was still sufficient for the purpose and 
after two years use, the tubes show no indication of corrosion. I 
shall be glad to learn whether the author has had experience with 
condenser tubes in similar conditions and particularly whether 
there is any data available regarding tin* behaviour of Cu pro -Nickel 
in such situations. There is urgent need for information regarding 
the resistivity of Cn pro-Nickel to acid solutions of varying 
strengths. Sulphuric acid of a certain critical strength can safely 
he stored in Cast Iron tanks, but stronger or weaker solutions 
cause raoid corrosion. Monel metal, which is a natural alloy of 
nickel 07 per cent., copper 2 8 pen* cent, and other metals ft per cent, 
has given verv good results in a great number of eases with 
corrosive liquids, but in common with all other alloys which have ’ 
come under my notice, it behaves differently with varying strengths 
of the same acid. Tf the author can give any data on this subject 
it will be of great value to chemical engineers and to those 
interested in tin* machinery used in dye 1 houses and Idea eh works. 

Mr. Shir Xarayan . — 1 believe that recently Electric furnaces have 
been installed at the Jamshedpur works of the Tata Tron and Steel 
Company. T would like to know if these furnaces are being used to 
manufacture tubes of any kind. Are condenser tubes, whether of 
brass or of Cnpro-Niekel, being made anywhere in India? Tf so, 
what is their relative cost? What would be the cost of producing 
brass or Cupro-Nickel tubes in India? 

Mr. R. Wolfnuhn . — From Mr. Cameron’s paper it appears that 
the properties of the Cu pro-Nickel alloy in the proportions describ- 
ed are very similar to those of Rustless Iron — I mean the com- 
paratively new stainless steel in which the carbon content is very 
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low and which is much easier to work l luui is ordinary stainless 
steel. Rustless iron has a linisli very like silver — except that it is 
a little darker and it is being used for all the ornamental purposes 
described by Mr. Cameron as especially sail able objects for 
Cupro Nickel. 

Rustless iron is much more expensive that stainless steel as it is 
made from carbon free ferroclirome which is expensive. It is being 
tried for steam turbine blades, and in this connection 1 should like 
to ask Mr. Cameron whether Cupro Nickel has been used for this 
purpose? 

Also, if Cupro Nickel has been used for steam iurhine blades 
I should like to ask for the relative costs of stainless steel, stainless 
iron, and Cupro-Nickel for this work? 

Also, what are the relative costs of rustless iron and Cupro- 
Nickel for the ornamental uses described in the paper? 

I should also like to ask Mr. Cameron as to tin* difficulties in 
working this metal? 

Some of the greatest difficulties in turbine blades are due If) the 
scouring action of the si earn on the blades. What effect has this 
action on Cupro-Nickel? 

Mr. fi. 1 Vcl>b . — “II is interesting to note that the causes of 
corrosion and consequent failure of Condenser and Locomotive 
Tubes are found operating in much the same way in steam and 
water turbines. In each case, the destructive action is brought 
about by changes in velocity and kind of flow of the fluid passing 
through the channels concerned. Tn Condensers and Steam 
Turbines, we are dealing with steam and with water in the* ease of 
Water Turbine. Constant changes in the magnitude and directum 
of the velocity of these fluids bring about corresponding changes in 
pressure on various surfaces Avitli a resulting tendency to the 
formation of vacua and corresponding liberation of oxygen in a 
highly active form. This oxygen I hen attacks any material which 
is not perfectly homogeneous or inherently resistant to oxidation 
and this corrosion is aggravated by the abrasive action of the 
fluids employed which are never absolutely pure and, in the case of 
water turbines in India, very often are heavily charged with silt. 
Tn some machines, the changes in velocity arc brought about 
deliberately and ore controlled with a definite purpose, while in 
others, the changes of velocity occur in the form of eddies whieh 
are fortuitous: hut, most, probably, the same kind of corrosive 
action takes place in both cases, the difference being one of degree. 

From the foregoing it will appear that the hardness of the 
rnnro-Nicket is an important feature and T should like to ask the 
Lecturer if he can give us information regarding this and, also, 
the casting properties of the alloy. The comparative costs of 
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('ii pro Nickel and say phosphor bronze in the form of castings 
would also be useful information for consideration of the possibility 
of using Oupro-Nickel alloy for water turbine runner^” 

Mr. A. CamrroH. - 1 am not aware that Electric furnaces are in 
used in India —if they are, it will be in connection with steel plates 
ami angles only. No tubes of any kind are manufactured in India 
at the present time therefore the question of ‘the relative cost of 
producing tubes in India does not arise. 

Cupro-Niekel is a comparatively new alloy in the Non Ferrous 
group and has been used for purposes where a metal resistive to 
corrosive attack is desired. Nickel has the effect of increasing the 
difficulty of manipulation and tin* difficulty of manufacture 
obviously increases tin* cost of production so that alloys of a higher 
content of nickel cost considerably more than those with tin* lower 
content the difference being greater than would be indicated by 
the price of the raw material. Regarding the relative cost of tubes 
to take one most conspicuous case Newcastle on Tyne Electric 
Supply Co. - where brass condenser tubes have been known to fail 
in periods as short as G weeks and tin* average life between G to 12 
months. Cupro Nickel tubes wen* introduced and have been in use 
for upwards of years, their condition showed no signs "of detriment 
and no single tube failed. As a consequence of this a great improve 
ment has been effected on tin* working condition of this Power 
Station which also means a great saving in cost of maintenance. 
Tin* increase in service life will only lie seen when the statistics of 
years an* available. There are a wide variety of uses in various 
industries for which Cupro- Nickel is eminently suitable such as 
valves parts for superheated and high pressure steam, turbine, 
blading, and shrouding, pump rods, etc. 

Mr. Webb’s remarks on the destruction found in steam and 
water turbine are extremely interesting. Blade wear is detrimental 
to efficiency and must be minimised in order to avoid many diffi 
ciilties. Numerous experiments and tests have been carried out on 
a number of highly recommended blading materials and it lias been 
found that the use of any of these depends upon six main properties 
namely — 

1. Ability to resist erosion by steam. 

2. Ability to resist corrosion. 

l\. Strength at high temperatures. 

t. Cost of material. . . 

5. Ease of production in the required form. 

G. Resistance to fatigue. 
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The materials whicli meet those requirements are niekel allo t vs 
such as Cupro-Nickel which is at least equal if not superior to any 
other available material for hlailing. 

With regard to its casting features, the chief point is in the 
absolute control over the pouring temperature. 

“1 am much obliged to I lie President for his appreciative and 
enroll raging remarks. 

“Cupro-Nickel is a comparatively new alloy and as such I here- 
in re it will be some time before* the statistics of years are available 
of its usefulness and increase in service life bul of this I am eon 
viuced it has real potential value to purchasers of high class pro- 
ducts. 

“With regard to the question of its suitability for castings, for 
small special parts, i believe Cupro-Nickel can be used but 1 cannot 
ppoak from experience. The nickel content is an important factor 
111 the alloy. x\s touching condenser tubes- most of the tests for 
resistanee on Cupro-Nickel have been made on the So 15 and S0/20 
qualities in comparison with brass of Admiralty quality (70/110). 
Corrosion of condenser tubes is a continual problem with users of 
steam plant in Klectric Cower Stations, and such like where high 
condensing efficiency is desired. Cupro Nickel of the qualities men 
tinned above has proved resistive to corrosion where no other metals 
would stand up. The most conspicuous ease is that which applies 
to a Power Station in the north of England where brass tubes have 
been known to fail in six weeks and the average life six to twelve 
months. In this Power Station Cnpro Nickel tubes have been in use 
for upwards of three years and their condition shows no sign of 
detriment and not a single tube lias failed. 

“The President's experience in the use of Monel Metal and its 
resistance to corrosive liquids is similar to my own. For special 
caseN the grade of the alloy should be specified. 

“At the present time Cupro-Nickel is manufactured principally 
Into condenser tubes, locomotive boiler tubes and stay rods/’ 
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The Fifth Annual General Meeting of the Institution 
was held in the Y.M.C.A. Hall, Kingsway, Delhi, 
at 10-30 a.m. on Monday, 23rd February, 1925. 

PRESENT. 

Mr. ( \ ]). M. Hind ley (in Hit* dm in. 

,, R. I). T. Alexander. 

„ M. X. Ayyanj*ai\ 

,, II. Burkinsha w. 

,, 10. .1. B. Greenwood. 

,, D. G. Harris. 

,, K. M. Kirkln >pe. 

„ .1. S. Pitkeathly. 

,, G. T. Mawson. 

Ran Bahadur S. V. Ra jadhyakslia. 

Mr. T. II. Richardson. 

„ <\ II. R. Thorn. 

and .12 Oorporate Members. 

Mr. F. Powell Williams (Keeretary). 

PltOVHH/HNOti. 

1. Mr. (\ 1). M. Ilindlev (President) took the ( -hair at 10 30 

A.M. 

2. The See ret ary rend Hit* notice convening the Meeting. 

1. The Minutes of the Fourth Annual General Meeting were 
read and confirmed. 

4. Tin* Annual Report of (Council and the Statement of 
Accounts, duly certilied hy the Auditors, were handed to all 
M (*m hers present.. 

Mr. 10. J. B. Greenwood moved that the Report and Accounts 
he adopted. 

This was seconded hy Mr. T. FI. Richardson, and carried un- 
animously. 

5. ' It was proposed by Kao Bahadur S. V. Ra jadhyakslia that 
Messrs. Price, Waterhouse, Peat & Co. be re-elected Auditors at a 
remuneration of Iis. 250 per audit. 
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This was seeonded by Mr. G. T. Mawson, and carried un- 
animously. 

0. It was proposed by Air. A. Cameron that tlie operation of 
Article :H be extended for one year. 

This was seconded by Mr. R. Wol leaden, and carried un- 
animously. 

7. it was proposed by Mi*. X. X. Avyangar that the following 
.Members of the institution be elected Members of Council : — 


Mr. G. Hransby Williams. 

H. Burkinshaw. 

„ G. W. Eves. 

,, <«. MeC.Hoey. 

,, A. H. Johnstone. 

„ C. A. King. 

,, J. W. Meares. 

,, H. Ximino. 

,, C. L. Cartwright. 

,, E. J. M. Hudson. 

Lt. Col. Ii. del. Pollard Lowslev 
Mr. N. N. Ayvaugar. 

,, C. Addams Williams. 

C. II. Chartres. 

and tin 1 following 
of Council : - 


Mr. K. M. Kirkhope. 

Kao Bahadur K. V. Rajadliyaksha 
Mr. 11. P. Gibbs. 

,, R. 1>. T. Alexander. 

J. McGlashan. 

„ G. T. Mawson. 

W. H. Xeilson. 

,, C. S. 0. Harrison. 

Lala Jwala Prasad, 

Mr. F. A. Hadow. 

W. P. Roberts. 

E. S. Tarlton. 

IT. P. Vidyant. 


Associate Member be elected an Associate Member 


Mr. Abdul Xy/ava. 

This was seconded by Rai Bahadur Mukkhan Lai and carried 

unanimously. * 

X. The Chairman reported that the outgoing Council had un- 
animously elected Mr. II. Burkinshaw as President of the Institu- 
t ion for the year 1925-26. 

That the four past Presidents are : — 

Sir Rajendra Nath Mookerjee, K.C.I.E., K.O.V.O. 

Lt. Col. G. H. Willis, C.I.E., M.V.O., R.E. 

Mr. A. C. Coubrough, C.B.E. 

Mr. C. D. M. Hiudley. 

That under Article 9. the following Chairmen of Local Associa- 
tions are the Vice-Presidents of the Institution 


Bengal 

Bombay 

United Provinces 
South India 


Mr. R. 1). T. Alexander. 

... „ G. T. Mawson. 

... „ H. P. Vidyant. 

Dewan Bahadur A. V. Raanalinga Aiyar. 


9. The Chairman then asked Mr. H. Burkinshaw to take the 
Chair and read his Presidential address. t 

10. The President then read his Presidential address. 



ANNUAL REPORT OF THE COUNCIL 

FOR THE YEAR ENDING 31st AUGUST 1924. 

Tin* Conueil have* pleasure* in presenting to 1 Ik* members al (he 
Fill li Annual (teneral Merlin** their Report of 1 •* , c» progress ami 
work of I In* Institution during tin* year emled olst August 

M FM15FRS11 1 1\ 

The changes in the membership between the 151st August, lbL\*5 
and .'51st Au^usl, HU’ I, an* shown in ( he following table 



Nett Additions during 1 

the period 31st Aug. 

1023 to 31st Aug. 1924 4 9.. 40 1 22 . . 58 


COUNCIL. 

Durini* t lie year under review certain alterations have taken 
place in the (institution of the Unimcd and Committees of (he 
Council. Mr. A. ( Cochran, Mr. T. S. Ibiwson resigned on retiring 
from India. Mr. •). 1). Stuart and Mr. 1>. (\ Kowbmdson resign'd 
on proceeding on leave. Mr. C. 15. Chartres, Mr. C. II. JR. Thorn, 
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<'«>!• H. Polhiid Lmvslev, ill-. K. M. Kii-ldiope. Mr. Athhinis 
Williams, Mr. (’. L. Carlwrij'ht, Mr. X. N. Ay.vaiifiar ami Mr. 
K. .1. M. Hudson won* co opted Mcinlx-rs ol < ’omicil. 

Ml'. •!. W. M cart's conliimcd toad as tin- representative of (lie 
Council resident in England, 

KELVIN CENTENARY ( 'ELEP.KATM >XS. 

Sir Richard (Jlazebrook, the Chairman oj the Kelvin Cridcnarv 
( hun in i t ( ee, invited the ( 'ouncil as represent mg I he Engineering 
( hunnmnity in India to appoint a delegate as a Member of I lie ('mu 
jniltee «»l‘ I lononr and In hr ] nr, sen l al the Centenary < Vlebral inns 
in -I n I v H)lM. The (Niuneil appointed Mr. II. 1 lurkinsha w as ll/eir 
delegate and on behalf of (lie Institution lie presented an addrcssal 
I lie < Vnlenary < Vlebral ions. 

would row er coxckrexcl. 

The (Sovcrnment of India referred (lie question of ilieir re 
presentation at tin* World Power Confei cnee to the Council of the 
I list it ill ion, and as a result of the Council's reeommendat ion .Mr. 
J, W. Men res was appointed delegate rep resell l ing I lie Indian 
Empire. 

Tin* Institution of Electrical Engineers in London organised a 
programme of functions to entertain overseas Engineers at lending 
I he World Dow er < 'onfcrcnce and in\ited the Council to appoint 
delegates. The Council nominated Mr. A. C. ( 'oubrongli, Mr. J. \\ . 
Meares and Mr. II. Pmrkinshaw. who were in England at the time 
to be their delegates. 

The Council take tins «>pp<»rl unity of thanking the President 
and Council of the I list i Mi I ion of Elect l ien i Engineers for its 
courtesy in this matter. 

f ST A M ) A R D S P E< M El ( 1 AT I O N S. 

The Council continued to act as I lie Indian Committee of the 
British Engineering Standards Association. 

During tin* year ending :11st August LLM, tin* uuderinentioued 
Standard Specilica (ions were received lor the consideration ot tile 
Council : — 

No. 12 — 15)20- Portland Cement. 

<3. A. (EL) iV)(il J)raJ’t Specilication for the Electrical Per 
formance of Large Electric (-venerators and Motors with 
Class A and Class B insulation Continuous Maximum 
Hating. 
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O. A. (EL) 5505 Draft Specification for the Electrical Per- 
formance of Large Electric Generators and Motors with 
Class A and Class B Insulation Continuous Hating with 
Sustained Overload. 

C. A. (EL) 5015 British Standard List of Terms and Defini 
tions used in Kadio communication. 

C. A. (A) 5003 British Standard Specification for Dimen 
sions of Electric Lighting and Starter cables for Auto 
mobiles. 

C. A. (EL) 5703 British Standard Electrical Equipments 
for Motor and Generator Control (for Direct. Current 
Circuits). 

C. A. (P) 0138 Draft Specification for Fuels for Heavy Oil 
Engines. 

C. A. (EL) 0310 Draft Specification for Hard Drawn 
Copper Solid and Stranded Circular Conductors for 
Overhead Power Transmission Purposes. 

C. A. (EL) 0100 B. S. S. 101 for Normal Type Tungsten 
Filament Electric Lamps. 

C. A. (EL) 0300 2nd Draft : Revision of B. S. S. 82 Face 
Plate Starters. 

C. A. (EL) 0005 Draft B. S*Specilicution for the Electrical 
Performance of Alternators of the Steam Turbine-driven 
Type with Class A and Class B Insulation. 

C. A. (EL) 0828 Draft B. S. S. for the Electrical Per- 
formance of Large Electric Generators and Motors with 
Class A and Class B Insulation. Load with overload 
Rating. 

C. A. (EL) 0705 Draft B. S. S. for the Electrical Per 
formanee of Large Electric Generators and Motors with 
Class A and Class B Insulation. Continuous Maximum 
Rating. 

C. A. (EL) 0902 Draft Specification for Protective Relays, 

C. A. (EL) 0945 Drafts Revision of B. S. S.' 81. Instrument 
Transformers, 

C. A. (EL) 6951 Proposed Definition of Flameproof 

Enclosure (including Explosion-proof). 

C. A. (EL) 7144 Draft Schedule of Tests of Flameproofness 
for various classes of apparatus to prove compliance 
with the definition. 

C. A. (EL) 7160 Second Draft. Revision of B. S. S. 

No. 82. Face Plate Starters. (For Alternating Current 

Motors.) 
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Very favourable comments were made by the Secretary of the 
tL E. H. A. ou the excellent report submitted by the Council in 
connection with Specification No. 12 — Portland Cement — and a 
copy of the B. E. H. A. letter was published in Bulletin No. 7. 


INTERNATIONAL ELECTRO TECHNICAL COMMISSION. 


The Council have continued to ad as the Indian Committee of 
the ft E. <\ and have dealt with a considerable number of references 
made by the General Secretary of the 1. E. C. 

The Government of India withdrew in 1923 the "rant of £1110 
they made annually for several years, and the Council are endeavour 
ing to raise this amount from other sources. * 

The Council consider that the work being done by the 1. E. C. 
is of such great importance to India lha*t they will continue to act 
as the National Committee ot that body in India. 


JOURNAL. 


Volume IV of the Journal was published in April, 1921. It 
contained 212 pages and numerous plates. Many of the English 
Engineering Periodicals contained reviews of the Journal, and the 
general opinion appeared to la* that il contained papers of value to 
the Engineering profession. 

Remarks were also made as to the expeditious manner in which 
if was published. 

In view of tin* fact that Members arc kept fully informed of the 
affairs of the Institution through the medium of tin* Quarterly 
Bulletin, the Council decided to continue to issue only one copy of 
the Journal annually. 


LIBRARY. 

Steady progress has been made in the formation of the Library 
and the Council wish to thank Members who have given bonks to the 
Institution. 

A catalogue of books in the Library is being compiled, and the 
Council will publish in an early issue of the Bulletin details of the 
books which are available for reference. 

BULLETIN. 

Four issues of the Bulletin were made commencing with Part 2 
in September, 1923. 

The Bulletin having met with general approval the Council will 
continue to publish it quarterly. 
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* 

EXAMINATIONS. 


No examinations have yet been arid ns (hr number of candidates 
ivns so IVw Mini (he Domicil did not lord justified in* holding an 
examination. 


DONATIONS. 

During I In* period under review' a further donation lo (hr 
Dapital Knuds of (In 1 Institution has hern received from I he under 
mentioned donor lo whom I hr ( hanks of the I ns( it 1 1 1 ion are dnr 

Mr. f J. II. Jcllcll ... Rs. L'00 0 0. 

AWARD or PRIZES. 

The Domicil ha\e awarded tin* iinderinent ioned prize during the 
\ ear : — 

II. E. The Viceroy's Prize of Rs. r»00 lo Mr. D. R. Macintosh 
for his Paper : 

l *An Examination of (lie New Indian ISoilcr Regulations, 

No award of the prize 4 of t'liO ottered annually b\ the Institution 
of Electrical Engineers was made 4 . 

L( M’AL ASKODIATIONS. 

The Domicil arc* pl(*asc*d to he* aide lo report that stc*ady progress 
is being made by Loral Associations. 

Meetings have been held regularly and a large numbei'of Papers 
have bc*en read and discussed. 

ACCOUNTS. 

The audited ac c ounts for Hie period ending ,‘Ust August, 
arc* appended. The 4 accounts show that (here is a delieit on the 
yc*ar’s working of Ks. 1 1, MW-o-o as against a delieit during the 
previous year of Ks. 1 1 

Expenditure has increased from Ks. lo,N4 J-KJ 0 toKs. IS,90o-o-3. 
This increase is due to travelling expenses having risen from 
Ks. til 5 lib;] to Ks. 10 0 audio increased rent, the Institution 

having vemoved its offices to larger premises at L'd, Dhowringhee 
KoacL In other directions the expenditure lias been reduced. 

Economy has been made in several items of expenditure, and the 
Council believe tliat within two years the income will more than 
cover the expenditure. 
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Balance Sheet as at 31st August 1924. 

LIABILITIES & SUNDRY CREDIT BALANCES. ASSETS & SUNDRY DEBIT BALANCES. 

CAPITAL— Rs. A. P. Rs. A. P. FURNITURE & FITTINGS— RS. A. P. RS. 
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PRESIDENTIAL ADDRESS 

BY 

H. BURKINSHAW. 


President Ub. 

(leutleineii,— a 

The (\umcil of this Institution as your representatives have 
fleeted me to he your President for the ensuing year, and 1 wish to 
express my thunks for the great honour which has been eonferred 
upon me. The honour carries with it a measure of responsibility, 
and my distinguished predecessors have created a standard to which 
1 shall find it difficult to attain. 

Our late President , Mr. C. [>. M. Ilindley, has been a pillar of 
strength since the earliest days of the Organising Committee, and it 
is much to be regretted that lie is unable to continue as our Presi- 
dent for allot her year. It is, however, a matter for congratulation 
that in spite of the many calls upon his services we are to continue to 
receive the benefit of his invaluable advice and assist a nee. 

The aims and objects for which the Institution was founded are 
very clearly enumerated in the Memorandum of Association, and 
those public spirited, sellless Engineers who formed the Organising 
rominitt.ee must find some reward for their labours in the progress 
which the Institution has made towards the goal they had in view 
during the 4J years of its existence. The first eleven paragraphs of 
Clause 3 of the Memorandum of Association might with propriety 
be learned by heart and adopted as a creed by all Engineers whether 
Members of our Institution or not. 

The, Quarterly bulletins and the Annual Report give information 
regarding the Activities of the Institution. It will he seen that these 
are very far-reaching and fulfil the purpose for which the Institu- 
tion exists. 

The Local Associations, Bengal, Bombay, South India, and the 
TTnited Provinces are well established and thriving entities. The 
formation of another Local Association has been mooted and the 
proposal is receiving the consideration of the Council. 

The roll of Membership has inc reased from a total of 138 in 
1920 to over eight hundred to-day, and there is every reason to believe 
that the number ,will rapidly increase until every qualified Engineer 
in India had been enrolled. 
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A very impoHnnt decision was made in January of this year in 
connection with tlie reduction of the Entrance Fees. The whole 
question was under consideration for some considerable time, and it 
was ultimately proposed by the Founcil and approved by tht* Mem 
hers at an Extraordinary General Meeting that the entrance fees 
should be reduced to Ks. 40 for Members and Ks. IV2 for Associate 
Members. In making their recommendation the Council had before 
them the considered opinions of many Members and the opinions also 
of Gentlemen fully qualified to become Members but prevented from 
doing so by the comparatively heavy initial payments. I would 
remind Members that moneys accruing to the Institution from 
Entrance Fees aw placed to capital account and are not ap 
propriated to meet revenue expenses. The Institution to-day is not 
in urgent need of capital nor is it likely to he so for many years to 
come. It is, however, essential for the well being of the. Institution 
that qualified Engineers should be enabled to join it because then not 
only will the Institution be strengthened to deal with the purposes 
for which it exists but it will be strengthened financially and placed 
in a better position to meet expenditure chargeable to revenue. 
That the CoimciEs recommendations as approved by the Member 
has been amply justified is proven by the fact that in the six weeks 
since the notification of the reduction in Entrance Fees .85 applica- 
tions for admission to the Institution have been received as against 
58 during the whole of the previous twelve months. T particularly 
wish- to emphasise the fact that no alteration whatsoever has been 
made in the qualifications for admission to the Institution and none 
except fully qualified Engineers can ever hope to gain corporate 
Membership. 

At no very distant date Membership of our Institution will be 
regarded throughout Tndia as the hall-mark of the Engineer, and it 
is our hnujtdeii duty to devote earnest attention to the whole subject 
of the education and training of engineers in Tndia. A number of 
fVjJleges and Technical Schools have come into existence, but until 
Institution was founded there was no standard of comparison 
iwid the parents and guardians of aspiring engineers had none to 
guide them. Our rules of admission to the Institution together with 
the entrance examinations have provided a safe and sure standard, 
and because of this our responsibility is very great. Tndia is at pre- 
sent in a transition stage, it is passing from an almost entirely agri- 
cultural country to an industrial country of importance. The growth 
of Industry and the development of the great mineral resources will 
necessitate extensions of the Hallway systems, and all these will 
create a demand for trained Engineers. If the progress is to be sure 
it must be slow, and the rate at jvhie.h the country can find employ- 
ment for young engineers is directly proportional .to the rate of in- 
dustrial development. Earnest efforts must be made to ascertain 
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tuul to record that rate. Whether this should be undertaken by 
Government, by the Colleges and Technical Schools, or by this In- 
stitution remains (o be decided, but it is clearly the duly ol* this In- 
stitution to ensure that engineering students are not being turned 
out at a greater rate than that ul which the engineering resources 
of the country can provide them with practical training for the 
completion of their education and later with permanent employ* 
ment. 

It is true 1 and it is deplorable that in Europe and America and 
possibly also in India, tlicre are organisations which in exchange for 
money will grant high sounding educational degrees and titles. The 
victims arc in certain cases innocent but in many cases the holders 
have purchased them deliberately witli intent to deceive. This 
Institution will resolutely denounce all such organisations as 
occasion arises and w ill steadfastly refuse to recognise all such 
spurious evidence of education and training. > 

This year will mark the centenary of the birth of Railways. The 
Railways are themselves the, product of the skill of the three prin- 
ciple brandies of engineering - Civil, .Mechanical, Electrical — and 
because this institution is representative of them all our thoughts 
naturally turn to the progress which has been made in engineering 
in general. It is less than 150 years since Watt proudly pro 
claimed : — “1 have now gotten a lathe so true in its work that the 
bon* of the cylinders is now here out of truth by greater than the 
thickness of a sixpence" to day it is common practice for toler- 
ances of plus or minus half a thousandth part of an inch to J»e the 
working limits. The progress which has been made is indeed very 
great and it has been achieved not by the engineer alone but by the 
closest co-operation w ith tin* Scientist. We owe nearly all to the 
Physicist, the Chemist., and the metallurgist, and we can make very 
little further progress until they give us some new law or material 
to work upon. It is perhaps not very greatly to our credit that we 
are still unable to utilise the Latent, Heat, of Steam in our prime 
movers and the problem docs not. appear to be near of solution. 
From which direction the next great advance will come it is im- 
possible to predict, but whether it comes by the liberation of atomic 
force, a more direct conversion of heat to electricity, or by some 
channel not even yet indicated, we must be prepared to receive it, to 
master if, and to turn it to the useful service of humanity.* 

I have referred to the close cooperation between the Engineer 
and t he Scientist, and l wish to indicate that there appears to be 
need for us to confer with the Biologist, more especially with the 
Bacteriologist with whom we have had f§w dealings iu the past, ex- 
cept in the puri lien t ion of water and the treatment of sewage. Tbe 
decay and corrosion of building and other structural materials has 
been accepted by us as inevitable, we try to prevent it, Ave succeed ill 
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delaying it, and in somewhat vague terms we blame “ chemical 
action .’ ’ It is known that many bacteria commonly present in soil 
and water are able to produce such powerful destructive agents as 
sulphuric, nitric, acetic, and carbonic acids. These, although termed 
in small quantit ies are yet able, by their action over long periods ol' 
time, to produce serious effects both upon metals and upon stone or 
cement. 

Soil and water bacteria are also destructive to timber, more 
especially if impeded ly seasoned, and the by-products of bacterial 
action upon sucii lumber are frequently destructive to metals in con- 
tact with them. Further instances might be cited among which is 
the spontaneous combustion of coal. This is probably due to bac- 
terial fermentation and requires investigation with a view to deter 
mining the possibility of preventing its occurence by methods bused 
upon recognition of its bacterial origin. In dealing with the problem 
of file destruction of materials by weathering and decay, more exact 
information should he obtained as to the underlying causes and tin* 
conditions favourable to their action. Such information can only 
heroine available as the result of collaboration between the Engineer 
and the Bacteriologist, which should result in the concerting of 
measures suitable for the prevention of bacterial action. Our In 
stitution should encourage research in this and kindred subjects, 
and I look forward to the lime when we shall be in the position to 
undertake such work and to defray the cost from our own funds. 

The Civil Engineer has been in India for centuries, the Mechani- 
cal Engineer for comparatively few years, and the Electrical 
Engineer has only just arrived, but the conditions pertaining* in 
India- at present are such that the period in which we live may be 
looked upon as the renascence* period of Engineering in India. Our 
Industries are growing and our Engineering works are cautiously 
expanding to meet the new' needs. The onus for success rests upon 
the* shoulders of Engineers and therefore upon the Members of this 
Institution, and if we are to progress surely we must standardise. 
The w hole idea of standardization is, broadly speaking, repugnant 
to the Engineer. Tlis wdiole attitude of mind is against it due to his 
training and his inventive instinct, but the price In* has paid for ex- 
perience coupled with his sound fundamental common sense lias led 
him to standardise wherever possible. This Institution is the 
organisation in India of the British Engineering Standards Associa- 
tion and of tin* International Electro technical Commission. These 
bodies have established standards which have proven good, and they 
should be adopted by us whenever possible to effect economy and to 
improve 4 efficiency. The closest and most unselfish co-operation will 
be needed among Members to establish new standards in India 
from time to time as circumstances may prove to be expedient. 
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One of the most important objects of this Institution is to 
diffuse among its members information affecting Engineering and 
this can best be achieved by the reading of papers and by discussions 
upon *theiu. The volumes of the Journal of the Institution contain 
records of which we are justly proud, and it must be our earnest 
endeavour to maintain that high standard. The Engineer in India, 
has opportunities which are given to few. Wry early in his career he 
is compelled to lake responsibility and to utilise to the utmost the 
knowledge of the theory and practice of engineering acquired during 
his training. Although lu* may be compelled to specialise and to be 
expert, in one particular branch ye! throughout his career he must 
retain a catholic knowledge of engineering in general and keep 
abreast of the times. The amount of specialised invaluable know 
ledge in the possession of Members of this institution is incalculable, 
and it is of vital importance to the welfare of Engineering in this 
country that that specialised knowledge should he accessible loathe 
Engineering community. Until this institution was founded there 
was no convenient and suitable channel along which information 
could How and much knowledge remained as a personal possession 
or was buried in inaccessible tiles and ollice records. The work of 
the engineer is almost entirely constructive, and if is almost im- 
possible fora description of it to he completely impersonal. In 
these circumstances, many Members, with a modesty unusual even 
among Engineers, have expressed their reluctance to become authors 
of papers because they fear the stigma of self-advertisement. II 
should not he necessary to re assure them on this point, and it is 
greatly to he desired that they will commit their knowledge to paper, 
so that through the medium of this Institution it may Is* placed at 
the service of their fellows and ho permanently recorded for the 
guidance of posterity. 

The senior Institutions in England recognising that the Instil u 
lion of Engineers (India) is representative of the great community 
of Engineers in this huge country conveyed to us, through the 
medium of the Kelvin On tenary Committee, an invitation to parti 
cipate in the celebrations to coni memo rate the hundredth anni- 
versary of the birth of the great scientist. Lord Kelvin. This signal 
honour is one of which this Institution is very proud, and that it 
was my great good fortune to he nominated as vour delegate on 
that occasion is a memory which \ shall cherish together with that 
of the honour which you have conferred upon me to day in electing 
me as your President. 



THE FIFTH ANNUAL DINNEft. 


The Fifth Annual Dinner of the Institution was 
held in Maiden’s Hotel, Delhi, on Wednesday, 
25th February, 1925. 


Mr. 11. Mnrkinshaw, T resident, presided. 

Tin* President proposed tin* toast k * The King IO 111 iioi’or. " ’ 

The President in proposing the toast “ Our Guests, " said : 

Gentlemen, — 

A cynical philosopher has recorded that Him* things in 1 i l'« * am 
difficult, of attainment : being poor to obtain justice, being rich to 
escape Mattery , and being human to a\oid the passions. Our guests 
to-night are concerned with none of those, things, but 1 would warn 
them of a fourth which is more than dillicult, if is in fact im 
possible, that is, being civilised to escape the Engineer. 

The llon'ble Sir Charles [lines, who honours us with his 
presence, this evening, is responsible for the great departments of 
Kailways and Commerce. The Kailway Budget which our guest 
Juts recently presented in such a masterly fashion has given us a 
glimpse of the magnitude of a portion of his task. What tJie sum 
total must be it is impossible for us to hazard, for under the guise of 
Commerce are such items us the Major Torts, Customs, and the 
consideration of a Tarilf which, whilst producing revenue for tin* 
country’s needs, shall provide protection for key industries without 
placing too great a burden upon Commerce. 

Kail ways and Commerce are to a great extent based upon 
Engineering, and Sir ('buries I lines has for many years taken a keen 
interest in the w ork of t he Engineer in India and lias viewed with 
sympathy tin* aims and objects of our Institution. 

Wo welcome this opportunity of expressing our appreciation of 
the interest and sympathy which he has extended to us and we 
assure* him of our loyal support in the great work which In* has 
undertaken. 

We extend a most eordiul welcome to The [fou'ble Sir 
Blmpendra Nath Mitra, who is in charge of the important depart- 
ments of Industries and Labour. With him we associate another 
most welcome guest, his trusty henchman, Mr. A. If. Ley. 
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Sir ] >h ii pend ra Xu Hi Milra is a Gianl of Finance c ombining 
knowledge of li is subject with great personality ami I trend 111 of 
vision to sueli a decree* that la* not only unravelled the tangled skein 
of war aeeonnts hut also completely rafitivated Army Head 
Quarters. We, Engineers, depend for our very existence almost 
en t indy upon the prosperity of Industry and the contentment ol‘ 
Labour. Wo are satisfied to leave our great interests in their 
capable hands because we know that they are in safe custody whether 
it be the duly upon our steed or tin* duty towards our Labour. 

This is the lirst occasion on which our Annual General Meeting 
has been held in Delhi, and many of us have seen tin* new imperial 
City for the lirst time during the last Jew days. Our admiration 
has been won by tin* work of Sir Edwin Lutyens and Mr. 11. Laker 
w ho planned and designed that magnilieent project. It is now under 
construction by Engineers and will shortly be 1 eady for those who 
we are sure* will be well titled to occupy it. It is \er\ titling there- 
fore and very gratifying to us Hint Mr. Abbott, Chief Commissioner 
for Delhi, has heritable lobe present with us this evening. We 
hold his coming for a happy augury. 

It is indeed a pleasure to welcome as our guest General Sir 
Edwin Atkinson, for he is not only a most distinguished Soldier 
but also an eminent Engineer. His long connection with the 
Thomason College, Koorker, places him as a great authority on the 
vexed question of < lie education and training of tin* Engineer in 
India. The present successful organisation for Military Supplies 
in India was devised by our guest, and as Master-General 
of Supply Ik* is in charge of flu* Ordnance Factories as 
wadi as tin* supplies of c\er\ kind for tin* Army, (leneral 
Sir Edwin Atkinson is at once an Engineer, an employer 
of Engineers, and a user of engineering materials. We hope 1 that 
when he is wearily scanning those long lists of indents that his 
labours will he a little lightened by the happy thought that every 
item is providing a little work for deserving Engineers. 

Our welcome to Sir (ieollTcy Clarke is tinged with regret because 
this is the last occasion on w hich we shall have tin* pleasure of 
entertaining him as our guest. He is about to leave India; his 
work remains as his monument. The Post and Telegraph Service 
in India has been raised to a state of efficiency that bears comparison 
w ith that of any other country. During his long period of office as 
Director-General ol Posts and Telegraphs, Sir Geoffrey Clarke has 
fearlessly adopted our latest inventions immediately that we have 
been able to demonstrate that their adoption would be of benefit to 
the public. 
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Only loo rarely do wo lind an opportunity of admitting our 
deb( to (lie Indian Medical Services, and in welcoming Sir Charles 
Macwaft, we admit that (hough we have provided X-Rays, Radium, 
line steel for inslrmnenls, and other aids to their skill, yet these are 
a small weight in the balance of debt. Those who remember the 
epidemics of disease in labour settlements !i() years ago and know 
the conditions of those settlements to-day will realise the magnitude 
of our debt. The Indian Medical Services conducted many of us 
safely into the world and enable us all to live in it. 

We much regret flu* unavoidable absence of Sir Peter 
Clutterbuck, who at the last moment lias been prevented from being 
with us to-niglit, but we none the less take this occasion to record 
our appreciation of the services which the Forests Department has 
rendered and is rendering to Engineers. There is no more useful 
timber than teak, our paints would be useless without turpentine*, 
we could not have leather belts without tan barks, and our rivers 
would turn into unmanageable torrents if their catchment areas 
were denuded of forests. 

We, Engineers, are held* in cheek and our enthusiasms Unvaried 
by the certain knowledge that we must ultimately face finance and 
suiter under audit. Without these cold calculating implacable 
twins we could accomplish much, there might even be a bridge 
across tin* Hoogbly. To-night these dread powers *a^e shorn of their 
terror, and justice is tempered with mercy, because they are re- 
presented here to our very great pleasure by Sir Frederic Gauntlet! 
and the TTon’ble Mr. McWatters. 

We have oi^e other guest with ns to-night for the last time as a 
guest, on another occasion he will be present as a host, Colonel 
Hopkins, whose name is one to conjure with in Railway circles, is a 
member of our craft and is about to become a member of our 
Institution. 

Since the very beginning of the Institution of Engineers, tin* 
Press has been very kind to ns and once a year we are privileged to 
offer hospitality to its representatives. Secretly we stand somewhat 
in awe of the Press because in it we recognise the only dynamic 
force which cannot be curbed or controlled even by Engineers. 

Our hard working and popular Secretary is with us as a guest 
1o night, and it is with much pleasure that we take this opportunity 
of expressing our appreciation of the work which he has done for 
onr Institution. 

We extend a most hearty welcome to all our guests and we 
record the honour that their presence confers on us. 

It is now my pleasant duty to propose the Toast of pur Guests 
coupled with the name of Sir Charles Innes. 
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The Hon’ble Sir Charles limes, in responding to the toast “ Our 
Guests ” said : — 

“Mr. Burkinshaw and Gentlemen,— ! must first thank you on be- 
half of my fellow guests and myself for this very excellent entertain- 
ment and for the very kind way in which you have drunk our 
health. Mr. Burkinshaw said that this was the first occasion ou 
which the Annual General Meeting lias been held in Delhi. My 
fellow guests and I hope that if only you will ask us again to 
dinner, the Annual General Meeting will be held every year in 
Delhi. Mr. Burkinshaw said that it is impossible fora rich man to 
avoid flattery. I feel that his remark does not apply only to the 
rich man. T am not a rich man. T am a poor man, but to-night I 
have not avoided flattery. But I have one complaint against Mr. 
Burkinshaw. Ho made a mistake in selecting me to reply to this 
toast to night. T have spent the whole day fighting with my back to 
the wall in the Assembly. My FTou’ble colleague on my left has sat 
smiling in his seat. TTad he been asked to speak to-night, he would 
have had time to prepare a speech worthy of the occasion. Whereas 
! am afraid that T shall have to give you just the ideas that come 
into my head as T speak. At the same time it is a great pleasure to 
have the op port unity of replying to this toast. T have had a lot to do 
with engineers in India and have always taken a great interest in 
engineering. T do not know whether you, Sir, and the others 
present to-night know the cpia train — written T suspect by a member 
of the Educational Service — in which engineers and the I. C. S. are 
coupled together. It runs as follows 

‘The D. I\ W. are hardly people to trouble you, 

‘But T like much less the T. C. S.* 

You see, Sir, we are companions in misfortune. It is a fact 
that like most members of my service, T have come much into con 
fact with engineers and engineering works. 

At the very outset of my career in India the great work that 
engineers had done for India was brought forcibly home to me. My 
first district was the Madura District in the Madras Presidency —a 
district which has been transformed by irrigation. Moreover, not 
long after T joined the district, T was sent on duty to the headworks 
of the Periyar Irrigation system. I was amazed at what I saw in 
the middle of the Travancore ITills. Tt was my first experience of 
the imagination — T might almost sav the impudence— of the 
engineer. I found a mighty river literally turned back in its course 
by one of the biggest dams in the world. It had been prevented 
from following its age-long course to the west coast and had been 
turned back to convert the arid wastes of the Madura District into 
smiling fields of paddy. It was in the Madura District too that T 
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ll rst made the acquaintance of a ver f distinguished engineer— an 
engineer who had helped to build tin* Perivar dam and who in the 
building thereof had had many strange experiences. That engineer 
confided to me once that if he had the ordering of his # own life he 
would put himself in charge of an irrigation system, lie would like* 
to work out the project himself and would stipulate that he should 
have all the money In* wanted and should not he interfered with. 
He has not quite realized his ambition, but he has gone* very near it. 
He has been for many years in charge of si great engineering work, 
he has had ample money to spend, and a fairly free hand. The 
engineering work is New Delhi and the engineer si prominent mem- 
ber of the Institution who is present here to-night, Sir Hugh 
Keeling. In my next district, Malabar, the same lesson has been 
brought home to me. When T was Collector of Malabar in Kill, T 
came across by chance an old report written by Sir Clements 
Markham. Sir Clements Markham introduced the cinchona tree 
into India and in the early sixties he visited the Cinchona Hills, 
i.e., the Malabar and Niigiri, Wynaad, to see how the trees were get 
ting on. Tie wrote an account of his tour in Malabar, Wynaad, and 
from that account I was able to see iu 1011 how greatly that part of 
his district had advanced in 50 years. Roads had been built, and 
rivers bridged, and it was tin* work of the engineer that had 
rendered possible the great development that had taken place in 
the cultivation of tea and other products. Rut T believe that tin* 
railway engineer has rendered as great a service to India as tin* 
irrigation or the civil engineer. Tt is to the railway engineer that 
we owe the 88,000 miles of railroad that we now have in India . Of 
the many distinguished railway engineers I have met, T will men- 
tion only two. One is the late Mr. Rell, who was Consulting 
Engineer for Railways to the Government of India far back in the 
nineties. Tlis name will always be remembered in connexion with 
‘Roll’s Ruuds.’ At one period of his career he was engaged in build- 
ing a big railway bridge in the Punjab. While he was building it, 
t ho C#Yf7 and Military Gazette* Lahore, sent out an officer on its staff 
to write an article on the bridge. That officer was Mr. Rudyard 
Kipling, and much of what lie had seen appeared many years later 
in his story ‘The Bridge Builders.’ Perhaps Mr. Rell was the 
prototype of Findlayson in that story. The other railway engineer 
is a distinguished past President of the Institution, Mr. Ifindley. T 
am now working in close contact with Mr. Bindley . Mr. Burkin- 
shaw lias mentioned the Railway Budget whirl! T have just in- 
troduced. Tf that Railway Budget shows an improvement in the 
working of these railways, the credit is largely due to Mr. Hindley. 

I must apologise for this frivolous speech ; but before sitting 
down, I should like to steal just a little of General Atkinson’s 
thunder. 
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I should like to congratulate this Institution ou the work which 
it has set out to do and which it is doing. We are living now in a 
time of change. I say nothing about the time and pace of that 
change. Rut everything is in a state of 11 nx. The change is taking 
place. The engineering profession will more and more have to 
depend on itself for the maintenance of its professional standards, 
and 1 believe that there is a great future before this Institution. 
We all know what British Engineering Standards have done for the 
reputation of British steel. Similarly 1 hope that Membership and 
Associate Membership of this institution will more ami more come 
to be regarded as the hall mark of the engineer in India. 1 hope 
and believe that this Institution has a great future before it in the 
maintenance of standards of engineering training and standards of 
engineering conduct. I hope, and 1 am sure that my fellow guests 
hope, that this Institution will flourish and that as the years go on 
it will go from strength to strength. I have done. Once more I 
thank you for your kindly reception of us to-night.” 

Proposing the toast of the “Institution of Engineers (India),” 
Major General Sir Edwin II. de V. Atkinson said : — 

There are several reasons, why it is not only an honour but a. 
great personal pleasure to me to propose the toast of I he Institution 
of Engineers (India). 

Firstly, as a Royal Engineer 1 cun say not only for myself 
but for my brother officers how strongly we still feel the bond of 
union and debt of gratitude due to our civilian step brothers, who 
came forward so resolutely not. only to the help of their country in 
the Omit War, but to I he aid of the Corps of Royal Engineers. So 
through your Institution, 1 send them this message of regard, grati- 
tude, and thanks. 

Then, to the many of the members, 1 think, 1 can feel a fatherly 
feeling as I was for 12 years Principal of the Thomason Engineering 
College, Uoorkee, a position, 1 only relinquished to go to France. 
In those long passed days the idea of an institution in India was 
one of my ideals. It, however, was a hard row to hoe, and 1 felt 
that it was only possible by starting local associations in a small 
way. Turning up old volumes of the Thomasonian I lind the first 
meeting of the Thomason College engineers was held on 8th July 
1913 to inaugurate the Association and pass the Rules. I may say 
that the maximum and minimum yearly subscriptions were modest ; 
Rs. 5/- and Re. 1/-, but to the best of my memory they were hard to 
collect. 

I was then away at the War, and on returning to India in 1921 
J was surprised and pleased to find what a fine strong young 
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Association had sprung up in my absdfee, whose health I am to 
have the privilege of proposing. 

Now, Gentlemen, there are two points I woitfd like to 
emphasize. They refer in general to all engineering educational 
institutions in India, but 1 may be pardoned, if with my special 
connections, I especially appeal for the Thomason College, Roorkee. 

Those otf you who are alumni of that College will know how 
sincere and honest was my zeal in endeavouring to ludianize the 
engineer profession in India, lint that Indianization must be a 
success, and to be a success Indian students must be trained and 
turned out up to the highest standard produced in Great Britain. 
Now, though a few favoured students may succeed in proceeding 
Home to obtain the best that Britain can give, the majority must 
get their training in India. It is up to India to give them the best. 
This can only he done by providing the very best class of tuitional 
staff, who cannot only impart the highest technical teaching but 
also those ideals of discipline, esprit da corps, and high standards of 
professional zeal and conduct, which it is the aim of your Associa- 
tion to maintain. I do not for a moment suggest that there are not 
Indians completely lifted to carry out the above objects, but they are 
at present not too numerous, and the best are wanted for practical 
work. In my opinion, to make a success of Indianization, for some 
time at least, a large portion of the professional staff should be the 
best Britain can supply. So 1 appeal to any of you, w ho have the 
influence, to see that the politician does not have his w r ay ; that he 
does not say, here are some appointments to fill, our numerous 
friends want jobs, put them in. 

Secondly, Gentlemen, 1 urge that you should earnestly dig 
in your toes as to standard. There is a sad tendency in various 
places to lower standards, to let more men pass. The pre-War 
standard was high, and I urge on you to combine in every way to 
insist on the very highest standards being maintained in our 
engineering colleges. 

I have detained you rather long, and now, Gentlemen, this, I 
believe, is your fifth birthday, and may the wisdom and enthusiasm 
with which you in such a short time have turned the young child 
into a stout young man continue till the grave and beneficent grey 
beard w r ill be looked up to with feelings of thankfulness and 
reverence not only by the engineering professions but by a grateful 
India. 

Mr. 0. D. M. Hindley, in responding to the toast “ The In- 
stitution ” said : — 

Mr. President and Gentlemen, — In the name of the Institution of 
Engineers I have to thank ySu for the very cordial way in which this 
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toast has been honoured. I iflso wish to express our very great 
appreciation and gratitude to Sir Edwin Atkinson for Uis kind 
words regarding the Institution.* I have been somewhat nnfortii* 
nate in my term of office as President of this Institution because in 
somewhat similar circumstances as are prevailing in Delhi at this 
moment 1 was unable to take my proper place at the head of the 
table at the Annual Dinner last year. J am in the unique position 
to night of being the only past President here, and it is therefore my 
privilege to reply to this toast. 

It is very gratifying to have such warm words of appreciation 
from a distinguished Royal Engineer, whom, I think, I may describe 
as the representative of the great Dorps of Royal Engineers. We on 
our side are extremely grateful, and indeed we cannot express 
sufficiently our gratitude for the work which that Dorps has done 
in India and elsewhere, not only from the point of view of the magni- 
tude of the engineering works, which they have carried out, but 
also for the high standard which they have laid down in India- - 
the standard of professional work ami of professional conduct. 
And here J wish to say how very glad we are that both Sir Charles 
limes and Sir Edwin Atkinson have appreciated so dearly the main 
object of our Institution, the object which rings out clearly through- 
out our Articles of Association like a trumpet call. The object 
always in front of us is to establish and maintain high standards of 
professional work and professional conduct in India. At this 
moment the Institution of Engineers has before it a vast Held. At 
this moment we have really come into our full heritage because I 
think 1 am divulging no secret when 1 tell you that the Council have 
before them at the moment applications for membership of such 
numbers that we can hope at an early dale to swell our membership 
to something like 1,000 members. 

Now, Gentlemen, when we reach the figure of a thousand mem- 
bers, which I firmly believe we shall in the course of the next few 
mouths, we shall have attained a very definite point in our career. 
We have achieved what the founders of the Institution were 
looking forward to possibly in the distant future. That future. 
Gentlemen, has arrived, and the strength which a large member- 
ship gives us is in our hands. There is only one object with 
which we press forward, and that is based on the firm determina- 
tion to maintain our standards. In the first place we have to main- 
tain resolutely the standard of qualification for membership of the 
institution. Nothing must deter ns from maintaining this high 
standard. Secondly, as General Sir Edwin Atkinson has very 
clearly indicated we must launch out atan early date on an active, 
policy of maintaining 1 proper standards In the Engineering Colleges 
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ami Institutions of this country. This is going to be no easy task, 
hut I believe the Council has already in hand certain proposals which 
will work in that direction. 

It is perfectly certain that what we have started to do can be 
achieved if we all put our hands to it. What we want to do is to 
ensure that the future engineers who are being educated in 
this country shall come up for membership of this Institution 
with a proper standard of education. We have laid down certain 
definite standards for education and for practical training. We 
shall have our own examinations for the theoretical side and the 
educational side of the test. We have made certain exemptions 
from that examination, of degrees and diplomas from certain 
colleges and institutions. We shall very jealously watch the* 
extension of these exemptions, and we hope by that means, 
although the task may seem difficult, to influence the standards 
which the colleges and institutions maintain in their examinations. 
That, Gentlemen, is the practical policy which the Council 
have before them and it is up to every one in his own sphere 
to assist in that policy. Sir Charles I lines has said that the present 
is the time when such action is essential, when the carrying out of 
public works is being passed on more and more to Provincial 
Governments and local authorities. Jt is up to members of Ibis 
Institution constantly to place before those authorities the fact that 
properly qualified engineers arc necessary to the proper carrying 
out of public works. This is the task which individual members can 
perform probably in a very much more effective way than the Insti- 
tution as a whole. Individual Members come into contact with local 
authorities and local Governments and it is up to every one of them 
constantly to uni* their influence in that direction. 

I think that members will feel that this occasion, when for the 
first time the Institution has allowed itself to come to Delhi, should 
be marked by a very definite move forward on the part of the Institu- 
tion. Possibly members who have visited Delhi from far distant 
places will carry away with them some idea of the meaning and ad- 
vantages of a central organization such as exists in the Capital of 
the Central Government. The Institution itself is based on a 
federation of local Associations, and as we have always said, the 
strength of the Institution lies in the local Associations. But it is 
very essential that members in outlying parts of the country and 
belonging to the local Associations should realize the necessity 
for a strong central organization such as is provided by our Council. 

Gentlemen, I iam in danger of straying away to the subject of 
local Associations which Mr, Harris is about to take up. I will 
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only again thank you for the very kind way in which you have re- 
cognized the work of the Institution and the good wishes which you 
have expressed towards us. 

Mr. D. 0. Harris proposed the toast “ Local Associations.” 

Mr. It. 1). T. Alexander (Jtengal), Mr. G. T. Muwson (Horn hay), 
Air. E. J. 11. Greenwood (South Jiulia), and Air. ltaja Itain (United 
Provinces) responded, and gave an account of the work in their 
respective places. Air. Greenwood extended an invitation for the 
Annual General Alerting to he held in Madras, the senior Presidency. 
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THE SEVENTH 

ANNUAL GENERAL MEETING. 


The Seventh Annual General Meeting of the Institution was 
held in the Seamen s Institute , Ballard Estate , Bombay , 
at 11 a,m. on Wednesday , 1st December 1926 . 

PKICKKNT : 

Mi-. 1 1 . P. < fibbs (iii 1 he < Miain. 

,, W. ] 1 . Xeilson. 

Lieut. < 'ol. <L II. Willis. 

M i\ A . < \ < 'i>ul>?’oii«;h. 

< ! W . I A rs. 

,, <L K. lUi^lii. 

,, Allrvd Lino. 

, . T ILK iclia rd^oii . 

,, <\ \ . Krislutiisw ;nni f’hclty. 

K. J . II. ( Jn an wood 
!»<*wan I *ji li:»< 1 ii l* K. K. (Jodhole. 

Kan I ».) had nr S. V. Ka jadh\ nksha 
Mr. X. X. A\y;m!»in*. 

X d. Parse! ji. 

L. -L M. Hudson. 

,, <L T. Mnws«»n. 

I Porporate Members and .Mi. I . 1 t* 1 1 Williams 

l Terrel ar\ j 

PK< M'KIOIMNUS. 

Mr. II. P. (Jibbs took the Pliair ;H 11 \.M. 

The, Secretary read Mm* Xotiee eoiivenin«i (Ik* Meeting. 

The Minnies of Mu* Sixth Annual (Jeneral Meeting wore mid 
and confirmed. 

Hew /.—Tlu* Annual Keporl of the Council and tin* Statement of 
Accounts duly certified by (In* Auditors weir lmnded to 
a! I Mem hers present. 

II was proposed lo. Lieu!. Pol t«. 11. Willis that the Annual 
Keport of the Council and Audited Accounts be 
adopted. * 

This was seconded by Mr. A. C. Coiibrough and carried 
unanimously. 
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Item >. -II, was proposal l»v Rai Bahadur Amarnatli Narnia, Mail: 

Messrs. Price, \V r at(Tliouse, I Vat. ami Co., bo reelected 
Auditors at a mmmerat ion of Rs. Jot) per audit. 

This was seconded 1 > v Mr. (5. AY. Eves and carried mt 
animouslv. 

Item J. -it was proposed b\ .Mr. Alfred Lines — 

(1) dial the following .Members ol the Institution be re- 

elected Members of Council : — 

Mr. R. D. T. Alexander. 

,, X. N. Aryan gar. 

K. J. B. (Ireenwood. 

E. -I . M. Hudson. 

A. II. Johnstone. 

,, La la Jwala Prasad. 

,, K. M. Kirkhojje. 

,, J. MeGlashan. 

W. P. Roberts. 

Lieut. -(VI. G. TI. Willis. 

(1!) that the following Member elected a Member ol 
Council 

Mr. JVrry RoMiera. 

This was seconded by Mr. C. V. Krishnasw ami Chetfy and 
carried unanimously. 

Item Jf . — The Chairman reported — 

tl) dial the Council liad unanimously elected Mr. W. II. 
Neilson as P]*esidenf, of Mie Insiituiion of Engineers 
(Tudiai, for the year l!>2h-27. 

(2) that under Article It Hie following Chairmen of Local 

Associations are the Vice Presidents of the Institution: 

Bengal ... ... .Mr. J. MeGlashan. 

Bombay* ... N. N. Ayyangar. 

United Provinces Raj Narain. 

South India Col. 11. Cartwright Reid. 

(tt) that the four past Presidents are: — 

Mr, A. C. Coubrough. 

Sir Clement Hindley. 

Mr. TI. Burkinshaw. 

Dewan Bahadur A. V. Kamalingn Aiyar. 

Hem 5. — The Chairman then asked the President to take the Chair 
and read his Presidential Address. 


Item 6 . — The President then read Iris Presidential Address. 



ANNUAI/RBPORT OF THtf COUNCIL. 

For the year ending 31st August 1926. 


Tlir Council have pleasure in presenting to (he Members at Urn 
Se\ (an li Annual General Meeting rheir Keport of Uu* progress anil 
work of tin* Institution •luring tin* year ended TKt \ugiist 1b2(>. 

M KM 15KKSIJ I 1\ 

Tin* changes in t lit* Membership between tin* .*» 1st August I02o 
and :ilsi August 102b, are shown in the following table : - 
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Addition to 3Kt August 1926 ■ .. 
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cohncil. 

During the year under review certain alterations have taken 
plaee in the (Constitution of the Council. Mr. A. W. K. Standley 
resigned on his retirement from India. Lt. Col. Polhml-Lowsley, 
Messrs. A. A. Higgs and W. Fraser resigned on proceeding on 
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leave. Mr. 0. E. Plight was co-opted to ii LI Mir vacaucy mused 
by the retirement of Lt. ( <ol. Dollard Lowsley and was subsequently 
oleeted a Member of Couueil at the Sixtli Animal General Meeting. 

The Council made tlu* following appointments to the Coin* 
m it tees of the Domicil 

Sir F. Austen Hadow and Mr. II. Eurkinshaw to the Papers 
Committee. Mr. II. Eurkinshaw to the Electro Technical Com- 
mittee. Mr. K. M. Kirkhope and Mr. Alfred Lines to the Applica- 
tions Committee. Messrs. C. Addams Williams, H. Burkiushaw 
and T. II. Richardson to tin* Finance and Administrative Com- 
mittees. Mr. Alfred Lines was co opted a Member of the E. E. S. A. 
Committer to act for Sir V. Austen Hadow during tin* period of his 
absence 1 on leave. 

Mr. J. W. M cares continued to art as the representative of the 
Council in England. 

The Council regret to report th< death of Mr. C. L. Cartwright 
who had hern a Member of Council since March 1021. 

K EG I ST EE ED OFFICE. 

The Registered Oflire of tin* Institution of Engineers (India) 
was transferred on the 1st of July 1026, toN. Esplanade Row, East, 
Calcut ta. 

STANDARD SPECI EICATIONS. 

The Council continued to art as tin* Indian Coinmi! tee of the 
British Engineering Standards Association and during the period 
under review received a considerable number of Specifications. 

INTERNATIONAL ELECTRO TECHNICAL COMMISSION. 

The Council continued to act as the Indian Committer of the 
International Electro Technical Commission. 

The Council were invited to send a representative to the 
United States of America for tlu* Conference held in April 11126. 
Owing to no funds being available to meet the consequent 
expenditure the Council were unable lo nominate a representative. 

JOURNAL. 

Volume VI of the Journal was published early in July 1026, 
and contained Papers of unusual interest and of great value. The 
arrangement of the Journal has been altered, so that each Paper 
is followed by its own plates and by the discussion upon it. 
Although the Imlk of the Journal is less than in previous issues, it 
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actually contains a greater number of pages and the reduction in 
bulk has been effected by the adoption of a thinner and more 
suitable paper for the plates. 


RULLETINS. 

Kill lot ins Nos. 10, 11, PJ and PI were published during the 
period under review and contained particulars of matters of 
interest to 11 k* Members of the institution. 

ISSUE OK PAPERS. 

l)ming the \ear under re\ iew the new procedure sanctioned 
by the Domicil for rireulufiiig and reading Papers was adopted. 
Under this proeeduie. all Papers accepted for reading before the 
Institution are printed and copies in proof form are sent to all 
Honorary Life .Members, .Members, Associate .Members, Associates, 
Students and Subscribers, so that they receive them at least two 
weeks before Hie Papers arc read at the nearest local centre. The 
proeedure lias enabled all connected with the Institution to take 
an active part in one of tin* principal objects for which the 
institution was formed. 


E\ AM I NATIONS. 

No examinations have vet, been held. A definite panel of 
examiners has been arranged, and as soon as sullicient candidates 
offer ihenisehes lor examination, an examination will be held. 
Of lf> applicants for t Corporate Membership who have been 
informed that they in list lirsl pass the Associate Membership 
Examination, only *\ have applied to sit at the examination. 

AWARD OK PRIZES. 

II. E. The Viceroy’s Prize for the year IhiM I'd, has not yet 
been awarded, but it is muter the consideration of the Domicil. 

ALTERATION TO ART IDLES. 

It has been the custom in tin* past to hold the Annual General 
Meeting in February in each year; but this was found to be 
inconvenient as a great many Members are unable to leave their 
headquarters during that month. The Institution, therefore, 
passed a Resolution at an extraordinary General Meeting held oil 
30th March, lJkhp and con firmed at another Meeting held on lfjth 
April 1920, altering the Articles of Association, to enable the 
Annual General Meeting to be held in November, December or 
January. 
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LOCAL ASSOCIATIONS. 

During Hit 1 year the Local Associations have <^>ntinucd to 
increase in strength and a considerable number ol* mootings lawn 
I >een held by f hem . Tim Council have sanctioned the (expansion of 
t I k* territorial boundaries of each existing Local Association, 
which when effect c< I will still full her increase Ilnur strength. The 
format ion of a liflh laical Association which has also boon 
sanctioned h\ I lie ( ’ouiici I will result in nearly cyery Member, 
Associate .Member, Associate. Student and Subscriber, bejnt* 
attached to a Local Association. 


Art u >iN r rs. 


The audited accounts for the period endinp :»lsl August, ISVJtl, 
are appended. The accounts show a detiri! on the year’s working 
of Ks. o^Mia-lbO. 

The considerable increase in the Membeiship of the Insl it at ion 
together with a marked piowth in ihe activities and work of the 
Institution ha\e nal urallv resulted in increased expenditure under 
many ot the items of accounts. 

The Council consider that alter taking into considerat ion the 
great increase in tin* progress ol the I list ii id ion's work, the pen era] 
position is satisfactory. 
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®I)e Institution of (Engineers (India). 

Income and Expenditure Account for the Year Ending* 31st August, 1926. 
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PRESIDENTIAL ADDRESS. 


BY 

it //. NKILSOW V />. 

J'ltKSI I MONT, 1 11 . 

Tim posit mn whit h I liud m\sr|f m lo da> is a ruiisiiiiiiiuiiion 
»»f iii) hopes ami ambit ion.- . 1 deeply appircialc (he honour ^'ou 

lm\e shown inn in elect mt* mr Presidonl for I hr lominj; ,\cai. I 
:ii;i\ say hom st 1\ Mini, whaiexcr m\ hope'* ma\ haw been. I 
im\ c* r expected lo marli I In* highest place in the I nsi it n l ion - ami 
w ;iii ni\ him nsNji i i|) inromplntn ami inaccurate knowledge ol in) 
shoii ( omiii<»s % 1 IVnl unwmlln to (mad in tin* slops ol i liosn wJm 
haw noun hnlorn inn. ^ on may In* certain, bowewr, dial I shall 
do what in inn lins lo help loiwaid tin* I list it ill ion, and ke»*p it^ 
ii’InroKl (o ihn foi n fro 1 1 1 on all possible occasions. 

Whnii thn proposal to form this 1 nsi ii m ion was Mrs* put 
lot ward, 1 rnalisnd (hat it would be a most rfleefiw moans (o linlp 
Lnj*i ueers and Mn^mrrrin^ in India I uladls joined tin* new 
loiimled Society and am proud of thn fart that l am a wandei niun 
her. Thn 1 ns* i tut ion . since its innnfii lot;. he- :»« hiewd a ijreut 
final, and with its lame and increasing mcmbei -diip. narrins ^mat 
weight in iaiyinrrrina matinrs. It lias hiou«»hf tourthrr. on a 
< ommoii ground, tlir iiiui i‘Uj»;i»nl in our profession who am srat 
tnmd ovn 1 ' thn vast thmiinent of India ft has enabled thnui lo 
exchange idras, and, what is n\ i n better, to tie( to know each 
Of hnr persona Uy. It has hound ns toi>ether with a common t i(- and 
has undouhtrd I v raoed thn status ot Ln^inecrs in India V\ e have 
born aldo to achieve thr lattnr mosi important point by insisting 
on a liinh standard for nlnotion as ('nrporatc member ami have 
furl her increased onr standard b\ ina uuiivaf ini* a strict oxamina 
lion tost w lion a oamlidalo dons not possoss sultioionf ipia li lira I ions. 

It is said, with tin* mnrit of truth, that mu* receives from an 
organization mncli in proportion as one i»iws to that organization, 
and T would impress upon members, more particularly our Indian 
members, for whom the Institution was primarily founded, tin* 
necessity, and advantage, of submitting papers, on subjects with 
which they arc most conwrsnnt ; cither to the Local Associations or 
the parent body. If is not necessary that such papers should 
deal entirely with original research. Descriptions of works of all 
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kinds which have been carried out, or are in process of const rue 
lion, are most valuable, and in many cases impart information to 
other Engineers which is not available in text-books. The parti- 
cular difficulties with which one has met, and tin* method of over 
coming them, are not only illuminative but in most cases arc highly 
instructive. One feature which is noticeably absent from nearly 
all Societies' papers, are descriptions of failures. Naturally one 
is averse to proclaim one's shortcomings, blit it is a fact that 
more can be learnt from one failure than from a hundred successes. 
A certain amount of sacrifice from an individual for tin* benefit of 
the majority is called for. 1 am not referring to failures due to 
faulty construction or design but to those which occur owing to 
unforeseen or incalculable forces. A good example of what 1 lm\e 
in mind is contained in a paper recent]} submitted by a member 
oil the new entranee to the Kidderpore Docks, where a vivid dcs 
cription is given of the movement of the dock walls in the old docks, 
shortly after completion. 1 have no doubt but that the design of 
the now King George's Dock at Calcutta lias been influenced by 
this extraordinary failure, and the magnitieent work, now being 
carried out under the supervision of Mr. McGlashan, in the neigh 
bourhood of the old docks A\ill surely be carried to .» successful 
conclusion . 

Engineers in these days are specialists and pe rhaps t ho Fort 
Engineer is one of tin* most highly specialised products of modern 
days. The forces he is up against, the tidal currents he has to 
study, the regime of harbours and Ports which when disturbed 
cause unenviable anxiety, the dredging problems, the magnitude 
and depth of the works — all combine to make his position a highly 
respectable and onerous one. As an Engineer intimate!} 
connected with Port and Dock work for over twenty-six years. 
Members will perhaps pardon me if T turn to this subject which 
concerns me nearly and in fact concerns India very largely. I 
refer, in particular, to the Ports of India. Through these ports 
flow the immense volumes of import and export trade which make 
up the life of a nation. We have to accommodate in our Ports the 
ships trading to the British Empire and foreign countries as 
well as the coastal trade. The gross registered tonnage of shipping 
entering and leaving Indian ports in 11)25-2(1 was some (15 million 
tons and the value of the maritime trade approximated Rs. 5)00 
crores. To accommodate this tonnage and give facilities for hand 
ling and storing ships* cargoes, as well as erecting and maintaining 
various entrepots and depots for all sorts and conditions of trade, 
the Torts of India have spent to date some Rs. 65 crores. 

Ports, like other large institutions such a*? Railways, Muni- 
cipalities etc., have to keep up to date and it is axiomatic that any 
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Port which does not do so, must gradually atrophy and become 
relegated to the back ground. No Port can afford to stand still, 
and it is the object of these few remarks to see how we in Jndia are 
meeting the situation and whether we have proved worthy of our 
t rust. 

Amongst the numerous duties which a Port is called upon to 
do, the chief, and principal oik* is to provide sufficient and ample 
accommodation for the ships visiting the Port. It is not difficult 
or expensive to provide for two dimensions of a vessel, namely, the 
w idth and length, luit tin provision of sufficient depth to keep a 
\ essel afloat at all stages of tin* tide and to allow her to enter and 
leave the Port whenever she requires to do so, is a. problem which 
has entailed tin* expenditure of vast sums of money, and, ill the 
case of some Ports, has placed a limit on the size of vessel which 
can trade with that particular Port. 

We are governed, so far as the draft of boats is concerned, by 
the available depth of the Suez Tanal, and as this depth lias been 
increased from time to time, so Ports have to follow suit. The 
authorised successive increases in allowable drafts of vessels 
traversing the canal have been as follows : — 


1890 

25' 

100-' 

26' 

1000 

27' 

1908 

2s' 

1914 

20' 

i9ir> 

30' 

1922 

31' 

1925 

32' 


The new scheme for impro\ement drawn up in 1021, provides 
for a depth of 13 metres or 12' N" and for the transit of ships 
measuring 15,000 tons gross, length 205 metres, width 20 metres, 
draft 10*67 metres or 05 ft. The depth of water is made up as 
follows - 

Draft of ship 35' 

useful depth 

Margin between draft of ship and ffjy 

useful depth of canal ... 1' 5" 

Possible thickness of sand on 

canal bottom ... ... 3' 3" 


42' 8* 

This will allow a draft of 36 ft. if needed. 
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* The iu crease in depth has been demanded by the ever increas 
iiig size of vessels and the following table shows Iioav advantage 
lias been taken of the accommodation provided: — 

X umber of passages through the canal according to draft and 
size of vessel. 


Draft 

1010 

1020 

1920 

Pel ween 20 2' & 27 

171 

220 


27 & 2S 

107 

120 


28 & 20 


r>2 

172 

29 & 20 

... 

10 

N 

over 20 

- - 

-- 

21 

Cross lonnage 




Suez < "anal .Measurement 

1012 



0,000 lo S,000 

1 22S 

1210 

2I7S 

S,001 lo 10,000 

221 

NS 

S02 

10,001 lo 12,000 

00 

00 

287 

12,001 to 10,000 

00 

til 

101 

above 10.000 

»> 

17 

70 


The Suez Canal has kept well ahead of requirements and I her e 
are now only S ships afloat which could not pass through at the 
present authorised draft. These vessels however are high speed 
passenger boats on the North Atlantic run and it can therefore he 
said that the Canal can take any vessel alloat on the Eastern Trade. 
After Hie completion of the 11)21 programme of works, the Canal will 
he in as good a- position lo take large vessels as tin* Panama ('anal. 
The total depth of water in this latter canal is 10 ft. and allowing 
only the small margin of 2 ft. under the keel, the permissible draft 
would be 27' but as this is in fresh water the comparable depth in 
salt water would he about .‘MS ft. 

ll is to he seen now bow* I lie Indian Ports have met this increase 
in size and draft of vessels. The larger Ports keep before them the 
i croiii menda t ion of the Dominions Royal Commission which slated 
in their final Report that certain ports on various trade routes 
should be deepened so that accommodation may be provided 
throughout these routes for vessels of the following drafts:-- 

22 ft. on the route from the Cnited Kingdom via the Suez 
Canal to the East and Australia. Statement A shows the 
increase in size and draft of vessels trading to Indian 
Ports. 

The greatest draft of any vessel entering Indian Ports 
(excluding the S. S. “City of Exeter” referred to later) 
has so far been 33 ft., namely, the “ 17. T. Caronia ” 
which sailed from Bombay on (lie 3rd February 1918. 
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It is now p roi m >s(~ 4 1 to Hon I with tin* various Ports ami* to 
stall* Ilnur present and proposed arrangements. 


< A LCl TTA. 

, [ p proa dies. 

The Port is shunted on tin* Kiv<*r llooghly ami is Si! inih i s 
distant I nun its month. Navigation is dillicult at tin* mouth of tin* 
river, the channels wind through numerous sand hanks and tin* host 
route has to he chosen through ever-vaiying depths along tin* line 
connecting the deep places and o\ci tin* shallows ddicsc latter van 
constantlv in depth hut when one place gels too shallow', usually 
anotln*r opens out and gives deeper water. Last year the 
.Middleton Par was tin* governing* har lor :>2!> days dttring tin* year, 
giving between 15 (i and Hi' !>' . Purlhei up are two shoals, 
namely, the Palari Par near tin head ol tin* estuary, and the 
(ialdola Par. Above these, where tin* Pupnarain Kiver (*nt(*rs 
tin* Ilooghlv, a seasonal har is developed. Higher up, there is 
the famous “.lames and Man” reach, caused by the entrance of 
tin* Ihimodar Kiver, where the channel is divided into I In* Pastern 
gut and Western gut. Above this, (lie river has tin* usual 
characteristics oi Indian rivers in the plains. II wanders about, 
with (he deep channel hugging the coiuave side, forming shoals at 
I he crossing points. The crossings which give the most trouble 
are the Moya pur and Kovapur To ensure the best navigational 
• line, a constant system of survevs is kepi up togeihcr with a com- 
plete arrangement of sema phot cn and rivet marks. Improve- 
ments have been effected on tin* bars in the upper reaches. The 
suction dredgers ’‘Sandpiper’, “Palaii” and “Hunga” work on 
the Pastern gut and Movnpur Par whete in Hu* case of the former 
I ht* depths have been inenased fiom 2 In 1 ft. more than was 
available m the worst months up to HMMi and in the latter an 
increase of nearly ■» ft. has been old aim tl. The dredgers also 
work on tin* shoal places nearer Calcutta munch Pamdipara, Pir 
Sevang, and Sankral. The effect of the work undertaken, in tin* 
shape of river surveys and dredging lias been to increase the 
allowable draft of vessels navigating tin* river from 25' l! 7 in 1 SJSO 

to 2iV 10" in 1020. Vessels drawing over 20 It. <an navigate the 
liver by taking advantage of tin* tides. 


7*0/7 proper and Docks 

In the. Port proper there is plenty of water, the l fathom 
contour being continuous on both sides with the exception of a 
small pa teli at the Hastings shoal. Low t Spring tides, however, 
seldom fall below 7 2 ft. above datum, so this shoal is not a serious 
one, The depth at the double moorings varies between 30 and 51 
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feet a ml at tin* Strand Road jetties there is an average oi‘ 32 — 0" 
l)elo\v datum. Ar the new Riverside jetties, the depth is not 
less than -34 00 ft. so although these jetties arc tiflal, there is 
ample water. 

The Kidderpore Docks are entered directly from the River by 
means of a 00 ft. lock and a. single SO ft. gate. The sill level of 
both entrances is — 17 00 so with a mean neaps rise of 12 ft., I here 
is 20 ft. and on the springs 34 ft. of water, allowing vessels of 2N 
ft. draft and upwards to enter. Roth the Tidal Rasin and Dorks 
Nos. 1 and 2 are kept up to a level of +21*50, and the bottom of the 
Docks being 12 00, there is 334 ft. of water in the Docks. The 
designed water level was 4 10 00 but this was raised owing to tin 1 
failure of the walls shortly after construction. 

The 80 ft. entrance however has never been much used chiefly 
on arcounl of the high level of the water in the Docks and also 
because it is at right angles to the river. ( Ymsequently all the 
work fell on the 00 ft. lock. This lock is only 400 ft. long between 
gates but with the use of caissons at both ends vessels of 510 ft. in 
length can use it. With the increasing size in vessels and as the 
lock has been used without cessation, the necessity of building a 
larger lock arose, and this is now in course of construe! ion. Tin 1 
new lock, which is close up against the old one, lias a width of 
SO ft. and a length between gates of 580 ft. By means of caissons 
another 80 ft. ran he added to the length. The level of the outer 
sill is 10 00 and of the inner sill 17*00. 

In addition to this, a new Dock system, which will eventually 
contain over 30 berths, has been designed and work commenced on 
live lierths and (wo entrances. The situation of this Dock is about 
a mile below the Kidderpore Docks. The entrances are duplicated, 
one of them being designed as a tandem Dry Dock. The entrance 
lock, closed by sliding caissons, has a length of 700 ft. and a width 
of 00 ft. with the inner sill at 2100 and the outer sill at 22 00. 
The minimum drafts in the lock are 31 ft. at High Water and 
2t£ ft, at Low Water. The tandem dry dock has a width of 80 ft. 
and a total length between centres of caissons of 3,210 ft. divided 
into two clear lengths of 590 ft. and 575 ft., the inner and outer sill 
levels being both at 21*00. The water in the Dock will he kept 
at + 35*00. 

BOMBAY. 

Port Approaches. 

The distance from the Pilot Station to the anchoring ground 
is some 4^ miles and the depth*of the channel varies from 40 ft. to 
33 ft. below L. O. S. T. The anchoring ground for large vessels 
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has a depth i 10 ft. ami Hirst* \essels ran swing at llirir anchors 
in this ami. 

Port Proper aiul Dorics. 

The approach rhaimrl to tin* older Docks has a depth of IT ft. 
ami to 1 ho Alexandra Dork 21 It. This hi 1 1 or is now being dredged 
to 2S 00. The datum is that of low <st ordinan spring tides Imt 
as L. W. D. S. T. is - ft. 5 ins. higher, tliis additional depth ran la* 
secured on most days of the year. The Ha Ha id Tier, at which tin* 
mail si earners berth, has a depth alongside of 2N ft . and is now 
being deepened to 52 ft. below' L. <>. S. T. 

'The Prince's and Victoria Docks, opened respectively in 1SS0 
and ISSN, ha\ e single gate cut ranees and arc consequently half 
tide docks. Tin* sill level of Prince’s Dock is I H)0 and that ol 
Victoria Dock, It; 00. The wafer le\el of both Docks is kepi at 
about i S’00 and the bottom levels briny IT 00 and 1900. 
there is an available depth in Prince's Dork of -5 ft. and in the 
Victoria Dock 27 ft. The length of \cssds having outgrown the 
original designed length of bevth. tin* nnmher of berths in Princess 
Dork is now 9 as against 11 in 1SS5 and in tin* Victoria Dock the 
miDibcr has been reduced from Hi to 15. This shows the advantage 
ol straight lim* berths. 

The Alexandra Dork opened in 1915, has an eut ranee lock 750 ft. 
long between gates and 100 ft. wide. The length can be increased 
• by the use of caissons. The level of the outer sill is 2700 and 
Jhe inner sill 25 00 The level of the bottom oi flu* Dock is 
2500, and with 11 h* water in the Dock at an average level + 1100, 
then* is available 51 ft. of water over the inner sill. On nigh 
Water Springs tliis <an be increased to 57 ft. 

The Hughes Dry Dock, 1 ,000 ft. long, is entered from the 
Alexandra Dock and has a width of 100 ft. at the entrance and a 
sill level of 2200. The Dock therefore is capable of ordinarily 
taking vessels drawing 52 ft., but ships of deeper draft can be 
docked when required. In June 1917, the City of Exeter , 
having struck a mine outside the Harbour, was dry docked with a 
draft forward of 51 ft. 4 ins. and aft 22 ft. 5 ins. 

At tin* north of the Harbour is placed a bulk oil pier for 
kerosene and petrol and has an approach channel dredged to 
- 20 00 with 50 00 at Die turning and sw inging basin and along 
side the Pier, which is in tidal waters. 

KARACHI. 

Port Approaches. 

Karachi is a tidal Port, with an approach channel abort 2 miles 
long to the jetties arid about a cable in breadth. The depth of this 
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channel is at present about -5 feel below L.W.O.S.T., but arrange 
nieiits are being made to deepen this to 2S0I) as \n ( 0 1 as the 
channel abreast the jot ties. The mouth of tlu* Harbour, av lii<*li 
formerly had a bar with on 1 v S ft. of water, is controlled by a train- 
ing groyne on (ho oast side and a breakwater on tlio wost side 
\\ liioli ott'< .-ti\ ol \ maintain a permanent doplli at llu* onlraiu*(* of 
-7 ft. 

Tlu* hum u range of greatest ordinary spi ill tidos is 1) ft. ii ins., 

1 >ii t as I heir are son ora I minus tidos, varying from a tow inches to a 
foot, during tlio year, llu* available doptbs are soui(»\vlia l 
diminisli(*d. 

l*ort I'ropvc. 

The d< ptli of water at jetties, some of them built nuiiiv years 
ago. varies I mm -7 to 2!H‘t. at L.W.O.S.T. Tlio west wharf now 
under const i net ion is of monolith design and those bortlis will he 
dredged to ‘>100. 'Phis depth together with t lit* proposed in 
( leased depths in the channel and entrances will allow a .‘Jolt. 

« I i*;i ft vessel to enter at II .\Y.( ). X.T., with oft. under the keel at 
llu* (*ut ranee, lift, under (Ik* keel in the channel and 1 ft. when 
l\ i n*» alongside. 

Further proposals are in hand for re building the jellies oil tin* 
eastern side so as to give* a greater depth at Low Water. 

The Hat hour is really a large lagoon capable of practically 
ed expansion. The* yvaters from the Ghinna (’reek, an 
inland basin. Hush the ships' channel oven tide* and help to keep 
this to the depths repaired. The jetties and west yvliarf being built 
in straight lines can adapt themselves without alteration to the 
longei y’essels visit ing the Port and Hie yvidth hel yyeon these 
wharves being 1.200 ft., there is ample room to swing a vessel pre- 
paratory to berthing or leaving the Port. 

RANGOON. 

/ # o rt Approaches. 

Rangoon, the Port of Hurinah. handles the whole of the import 
trade and a very large proportion of Hu* export trade. The Port is 
a tidal one, the mean range of greatest ordinary springs being 
Hi- 1ft. Indian Spring Low water mark is + PoOft. There an* a 
few minus tides in the dry weather varying to 7 inches. Tin* dis- 
tance from tlu* Pilot Station to Elephant Point at the entrance of 
Hie Rangoon River is about IS miles and from there to Rangoon 
22 miles. The Rangoon River is the name given to the Iowan* 
reaehes of tlu* Hlaing River which is one of the mouths of tlu* 
Irrawaddy, and the approach to the river entrance is divided by the 
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Eastern Sands. The Eastern channel is at present not used but 
shows signs ol‘ opening out, while the west channel, ai present 
navigated, shows from rerent, surveys that the least water on the 
bar remains at loft. Emm there there is good water all the way 
tip to Liffey Island rea^cli where there is a JO ft. shoal. Lifl'ey 
Island is the crest of a shoal known as the Hastings which is 
situated at the contluencr of tin* Rangoon and Pegu Rivers and 
constitutes the principal obstruction to navigation. The Hastings 
carries from 5 ft. to 12 ft. according to season, but a dredged 
‘ itaimel round its edge along tin* left bank of the river, known as 
the Monkey Point channel, is maintained between 1 5 and 10 ft. 
In 1800 the width of the Rangoon river between Monkey Point and 
King’s Bank was 0,1150 ft., but owing to erosion at King's Bank the 
width in 1922 had increased to 9,050 ft. In 1922 the Com- 
missioners sanctioned a scheme for Hie erection of a brushwood and 
stone groyne 0,000 ft. in length at the King's Bank. This groyne is 
being erected on approximately the line of the 1800 foreshore 4 and 
the idea, is to hold the Rangoon Ri\er to a detinite widlh of 0,950 ft. 
and protect the King’s Bank foreshore and also to improve 4 Hit 4 
water in the Monkey Point channel which will equalise tin 4 naviga- 
ble depth ou the iiuicr and outer Bars. 

Port Proper. 

The Port proper comprises the oast and west reach of the 
•Rangoon River just above that River's continence with the Pegu 
River and extends for about two miles and is from \ mile to | mile 
in width. An extensive i raining wall at Hie west limit of the Pori 
where the river takes a sharp turn north has saved tin 4 left Bank of 
the river within the Port from silting and has eifeetivclv prevented 
or reduced erosion on the right side. Along Hie Rangoon side are 
a number of pile jetties and pontoon lauding stages, the length of 
wharves being 2,822 ft. with 25 ft. depth alongside. These wharves 
will he extended to form a continuous line of 1,000 ft. including a 
berth to accommodate vessels drawing 20 ft. Tlieie are a num- 
ber of fixed and swiuging moorings both in the Harbour, the Pegu 
River, at Kemmendine and below Hastings, with 45 ft. to 25 ft. at 
low water. These are being increased in number. 

Nearly all loading is done in the stream and very deep ships 
have to go below Hastings to complete before departure or lighten 
before going up to Rangoon. Oil tankers fill up at Ryriam, below 
Hastings. The Port Commissioners have purchased and leased a 
large area of land with a frontage on the Pegu River with a view 
to building enclosed docks should it be found necessary to do so. 
The position choseu will avoid the necessity for vessels having to 
navigate the Monkey Point channel and will thereby improve the 
turn-round of deep draft vessels. 

3 
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MADRAS. 

Madras, formerly an open roadstead, has now a well sheltered 
harbour of 200 acres. Alterations have taken plae£ from time to 
time in the Harbour, the entrance has been moved from the East 
to the North and dee]) water quays have been constructed in place 
of open piers and fixed moorings. Situated on the Hay of Bengal, 
the range of spring is small, namely 35 ft. ; mean L. \V. O. S. T. 
being VTOft. above Datum of soundings. The width at entrance 
is -100 ft. with 31 ft. depth at low water. The new west quay has 
depths of 27J to 31 f ft. and it is proposed to deepen quays Nos. 2 
and 3 to 33} ft. The south quay will also be deepened from 31} ft. 
to 33} ft. and the north quay under construction will have a depth 
alongside of 33} ft. The east and outer quays are at 2770 and 
the petrol jetty (outside the Harbour) will take down to 32} ft. 
from 32£ ft. The buoy moorings at present between 30 to 32£fl. 
will all be dredged to 33}. 

V IZA< i A FATA .M . 


Port Approaches. 

This is a port in the making and will be the only Railway eon 
(rolled port in Iudia. The natural features are somewhat akin to 
those of Karachi. The Port is a tidal one, the greatest range of 
ordinary spring tides being 51 ft. Datum is Indian Spring Low 
VY'ater mark, hut there are several minus tides during the dry 
weather varying from a few inches to a foot. The highest recorded 
High Water was 0 70 ft. The distance from tin* 5 fathom contour 
in the Bay to the Harbour is under li miles and the consideration 
of the construction of the breakwaters is deferred until it can be 
decided whether it is less costly to keep the channel open by 
maintenance dredging rather than construct such breakwaters. 
There is little lateral movement of sand at the entrance and tidal 
currents are practically normal to the shore. The channel in the 
creek has rock to the south side and north side \vi 1 1 be protected 
with stone pitching. Both channel and Harbour proper are to be 
dredged to — 30 00 and the dredgings used for reclamation. 

Harbour Proper . 

The complete scheme for the Harbour consists of a series of 
parallel jetties in echelon varying from 3,781 ft. Jong to 2,150 ft. and 
width from 050 ft. to 550 ft. The distance between jetties will be 
500 ft. to 000 ft. The first section of works includes a wharf wall 
1 ,800 ft. long berthing three ships. Moorings for two vessels will be 
laid down and an oil depdt on the south side of the Harbour with a 
mooring for one ship will be constructed as well as a wharf for 
manganese ore. The channel opposite the oil tanks will be taken 



PRESIDENTIAL ADDRESS. 


J9 


down to 20 00 ami a tidal scour channel joining* up the tidal 
scour basins to the Harbour will bo taken out to 1*00. 

(MIITTAGONG. 


Port A p p roa dies . 

This port affords a good example of t I k- difficult! of dealing 
with Indian rivers. Above Sadar Ghat, the river has sometimes 
cut into the bank a distance of 100 feet in one year, making a 
channel 40 feet deep at low water where there formerh were rice 
fields. It has also, in one freshet, short-circuited a long bend and 
altered the position of the main channel by nearly half a mile. 
The effect of such heavi erosion is felt on the Inner Bar which silts 
up about I feet in a few days. Below Sadar Ghat the concave hank 
has Im en r< vetted with stone on tin* “Bell Bund” principle. 

Tin* approach to tin* jetties is 0 miles long with an Outer and 
Inner Bar with 10 to 12 feet of water at low tide and a sharp turn 
at the Gupta Grossing which carries about lift. Between the 
jetties and Sadar Ghat, near which the coasting vessels swing, is 
the King Bar with 15 feet, partially dredged through to 21 ft. 

Dredging is carried on continuously on the Inner and Outer 
Bars, in order to keep these Bars open as much as possible. 

Port Proper. 

The Port is a tidal one, springs rising to III feel in the dry 
weather and Iff feet in the rains Minus tides fall to as much as IS 
inches below datum of soundings, the day tides being higher he 
tween March and September, and lower between September and 
March. 

There aie four jetties wdth a depth alongside of 2-1 ft. as well 
as double and single moorings with depths of 21 to 25 ft. and an 
oil berth further down the river with 28 ft. 

The Port Authorities are about to undertake a comprehensive 
scheme for the improvement of the entrance to the Port. Tin? 
mouth of the river is bifurcated and the flood comes up the Juklia 
channel when the last of the ebb is traversing the Patnnga channel. 
The latter is the one used by vessels entering and leaving the Port. 
The proposal is to close the Juldia channel at its upper end thereby 
throwing the ebb and flood streams in one channel. This work, 
together with dredging ihe stiff plastic clay, of which the Inner Bar 
is composed below - 14-00, should have the effect of doing away 
with both the Inner and Outer Bar. In addition, further revetting 
will he done on the Patnnga side so as to hold the bank where the 
main stream impinges on it. 
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OKU A. 

Thin Fort is out* of the latest to be developed along conveii- 
lional lines. 

Situated in tLu* Gulf of Outeh behind Dwarka on the Arabian 
Sea it is almost land-locked, the entrance 1 being protected by 
Saniiani Island and numerous sand banks. There are two 
approach channels to the East and West of Saniiani Island with 
a depth of is and 22 It. at h . W. The Fort itself is tidal, the mean 
range of greatest ordinary springs licing 12-1 ft. Datum of sound' 
ings is M. L. W. O. S. T.. there being a few minus tides of 
two or three inches. 

One pier has been built 400 ft. long connected with the main 
land by a viaduct 500 ft. long. It can berth two vessel one on 
either side. 

The depth of of water alongside the Fier is .*>() ft. at low fide and 
vessels nui anchor off the Fier in 21 ft. of water. 

U< K 1 H I N . 

Developments are now taking place for the purpose of pro 
xiding rochin with a first class Harbour. The Harbour will be a 
tidal one. the mean range of greatest ordinary springs being 5 2 ft. 
Datum of soundings is M. L. \V. (). S. T. and the Highest High 
Water recorded is i l ;»0. There* are a few minus tides during 
the year, but these are of no importance. 

The first stage of the work which is now being carried out h 
the dredging of the Harbour and its approaches to allow vessels 
drawing 2d ft. to moor in the stream. The ansi near by is being 
reclaimed from the dredging. The foreshore on the north side of the 
Harbour at Yypeen has been protected and portion of (be reclama 
tion wall completed. The channel through the outer Bar has been 
dredged and in order to keep the ebb and flow’ of tidal water in 
1 he required direction, a channel in the back waters, (5,000 ft. by 
100 ft. wide and IS feet deep, has been made. 

The new channel, near the crest of the Bar, will be S00 ft, 
wide and the depth 35 ft. at low water 

The whole scheme contemplates the provision of wharves or 
jetties with complete modern equipment and the extension of rail- 
ways to serve the Port. 


TUTIOORIN. 

Similar developments to those taking place at rochin are being 
carried out at Tuticorin. The tide levels are the same as those at 
Cochin with the exception that there are no minus tides, low water 
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springs being H)30. There are certain peculiar (ides at (he time 
of (lie Moon’s quarters when there is no true high or low water, 
with practically slack water during the tide. 

It is proposed to form a turning basin lor \essels drawing up 
to 2b II. and later on to construct wha r\es or jetties with mechani 
cal equipment and railway service. At present dredgiug and rock 
breaking is being carried out and a narrow land-locked canal with 
a (timing basin of 1,000 It. square* is being made. 

The hard material will be* dumped on the sip* of the break- 
waters which take the* shape of two comeiging aims for tin* pro- 
tection of the approach channel. 

A protection embankment to the* south-west of the Harbour 
will be thrown up to prexent blown sand entering the Harbour. 

MORMIEAO. 

The Poll o| Morin ugao is in Pm f ugtiese territory about 227 
miles south ol l»omba> and was acquired bv Ibe Portuguese in 
1713. It is direct l\ on the Arabian Sea and the Harbour is pro- 
tected by a breakwater 1,700 ft. long and a molt*. POO ft. long, 
runs from the end of it. The accommodation is tidal, spring tides 
being about b ft. The depth at tin* entrance is 27 ft. at low water 
and the area of the anchorage 00 acres, with a depth from 23 to 
20 ft. A drag suction hopper d ledger is used to remove the silta 
lion which occurs during the monsoon months. Tin* quay wall is 
•2,000 ft. long with .7 berths. At tile iirst three (here is a depth 
alongside of 21 ft. and 30 ft. at the others. The new extension is 
ilesigned for 30 ft. at low water. 

From the above, necessarily Oriel, resume, it will be seen wha I 
'Ik* Ports of India it he Port of Colombo is not considered in this 
teview ) me doing to meet the situation caused by tin* increase in 
,d/,e and diaft of modem \cssels. All the major ports in the 
course of a few’ years will be well ahead of Ihe times. River Ports 
such as Da leu Ha and Rangoon are handicapped by long ap- 
proaches and difficult navigation and (lie expenditure to improve 
these accroaches must necessarily be heavy. 

India with its vast coast line of over 1,700 miles has few major 
Ports and the addition of a new one at Yizagapatam will naturally 
(mnl to help the maritime trade and afford another outlet for the 
great export trade of Tndia. The minor and coast ports are also 
taking themselves seriously and are improving their harbours so 
as to got their share of the trade. 

There are other matters also which must be considered in con- 
nection with facilities offered for largo vessels but space precludes. 
Two items which are important may be mentioned, namely, bunk- 
ering facilities for motor vessels and those using liquid fuel and 
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also Dry Dorks. Most of thr major ports ran now bunker surli 
erssels at any berth they arc likely to go to and further extensions 
of pipe lines and connections are in hand. As regards Dry Dorks 
India is rather poorly supplied. I’ombay has a 1,000 ft. graving 
Dork and ('alciitta is now completing an even larger dork 1ml 
beyond these two there are no others which ran take the big vessel. 
This situation will undoubtedly be remedied in the course of the 
next decade. 

The standard of ft. dial’t mentioned pieviously is gradually 
being worked up to. but the advent of tin* motorboat has no doubt 
affected this standard and it is probable that the figure of .T> ft. 
will not be reached for some considerable time. A motor ship on 
an extended voyage can, with i somewhat smaller tonnage, earn 
some L’o per rent, more cargo than a coal-burning steamer. In 
addition in this, the motor ship has a lower operating cost and 
these factors will cause more motor ships to be constructed than 
steamers so that in the near future the former will carry the bulk 
of the ocean trade. Sixteen years ago the motor vessel was prae- 
tieally unknown ami if its advent will prevent, am how for some 
time, the steady increase in draft of vessels, then Fort authorities 
will owe them a debt of gratitude*. 

I have to acknowledge with thanks the ready help gi\en to me 
b\ the various Pori authorities in preparim: these notes. 
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SEVENTH ANNUAL DINNER. 


The Seventh Annual Dinner of the Institution of Engineers 
( India ) was held in the Taj Mahal Hotel , Bombay , on 
Wednesday , December 2, 1926 . 


Mr. W. H. Xcilson. Gha i rum n of the Bombay Port Trust ami 
President of the Institution, presided. His Excellency Sir Leslie 
Wilson, the Governor of Bombay, was the principal guest. The 
other guests included the Hon. Sir Gluinilnl V. Mehta, the Hon. 
Mr. J. L. Ilieu, the Hon. Mr. J. E. B. Hotson, Mr. P. G. lingers, 
Mr. H. K. Ivirpalani, Mr. J. A. Kay, Mr. R. M. Cliinoy, Mr. A. H. 
Byrt, and Mr. It. IL Edwards. 

His Excellency Sir Leslie Wilson proposed the toast “ The 
King- Emperor.” 

The President in proposing tin* toast “Our Guests," said : 

Your Excellency and Gentlemen : — May I tirst start with a 
note of apology. It is well known that Engineers are not versed 
in the art of speaking, the gift of the silver tongue is not theirs, 
they try to make out that they are — above all things — practical 
and not verbose. Post prandial oratory does not (Miter into their 
scheme of things — they can execute but they cannot dance. It is 
on an occasion like this that one feels that one has not the con- 
solation, perhaps the only consolation of Daniel on entering the 
lions’ den when In* realised that there would be no after-dinner 
speeches. 

Let this therefore be my apologia and pardon my obvious short- 
comings and any unhappy hesitations that may occur. 

We are delighted and honoured to have with us to-night a^s 
our Principal Guest His Excellency, Sir Leslie Wilsou, Governor 
of Bombay. Although we are celebrating our Seventh Annual 
Dinner, this is the first time we have bad the pleasure of having a 
Governor of Bombay present. The reason of this is because we 
hold our meetings at different centres each year, and this year 5 
Bombay has been chosen as a venue. We held one prior meeting^ 
here in 1922, when unfortunately the then Governor, Sir George j 
(now Lord) Lloyd was unable' to be present. In 1923, howevefef 
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he was Principal Guest at the Annua] Dinner held by the Bombay 
Local Association of tin Institution in (his hotel. 

His Excellency, by his presence here to-night, has shown his 
sympathy with our aims and objects, and lie has already identified 
himself closely with the many Engineering schemes in his Pro- 
vince. We place a great value on his sympathy and we can assure 
him that we value him for his kindliness, we value him for his 
openness, we value him for his frankness and above all, we value 
him as a man, who played such a gallant and forward part in 
that terrible epic at Gallipoli. 

To our other Guests, we extend a liearD and cordial welcome. 
To those of us who Jive in Bombay, their names art 4 household 
words. They represent Government and Trade- — the one inter 
dependent on the other. The peace and prosperity of tin 4 Bombay 
Presidency lies in their hands, and 1 think that you will agree that 
these two vital matters could not be in a worthier keeping. 

We, Engineers, can certainly help to keep tin 4 peace, and we 
can, 1 think just as certainly help in the prosperity of the country. 
Our work is creative and, in some cases, preventive. Fn either case 
it is beneficent and in all cases, if ought to be economic. The Engi- 
neer can do a great deal in stamping out disease, Mich as malaria, 
and the very fact, of bringing a pure* water supply to a town or 
large area should go far l<> lower tin 4 death-rate. He can also, if 
he has sufficient funds, make I lie desert blossom like a rose. As 
Ypur Excellency has just come from a plan 4 where this effort is 
being made, perhaps you will 1 m 4 kind enough to tell us how the 
work is progressing. Of om 4 Ihing 1 am certain, namely, that it 
A\iII be ?i success, and that i! will bring prosperity to the country 
generally. Your Excellency is also shortly going to “open” the 
Bhandardara Dam, one of the highest dams in the world. Both 
these great schemes are economic, and we all hope that with thef$ j 
and other major works, together with the steady industrialis/&ti<$^ ( 
of India and an immediate 4 , though perhaps problematic* 
iu trade, we* may enter a new era of contentment and liappf^^. 

And now. Gentlemen, 1 think 1 have spoken long enoguh. The 
pale wraith of St. Andrew, we trust, is at rest again and w r e have 
to put our shoulders to the wheel once more. The labours llis 
Excellency are well known to us, and with his time so thoroughly 
and generou&ly occupied, we feel it all the more honour that he 
should grace our festival to night. 

I, therefore, ask you to drink to the health, long life and happi- 
ness of His Excellency Sir Leslie Wilgon and Our Guests. 

I have very great pleasure in announcing that His Excellency 
has consented to become an Honorary Member of the Institution. 
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His Excellency Sir Leslie Wilson, in responding to the toast 
“Our Guests,” said : — 

‘‘Mr. Chairman and Gentlemen: — On behalf of myself and the 
other Guests to whom you have extended your hospitality to-night 
I desire to express our sincere (hanks to your generous welcome to 
this toast. It is a source of great pleasure to me and to those for 
whom I am speaking to have the opportunity, as we have to-night, 
of meeting so many representatives of (lie great profession to 
which you all belong — representatives, coming, as you do, from 
every part of India. 1 am glad, indeed, that this is the first occa- 
sion on which the Governor has been present at your gathering. 

“I notice — il is a rather curious fact — that all these gather- 
ings of professional genllemen seem to take place at the most 
opportune moments. 1 presume it is only a coincidence, but un- 
doubtedly it is a fact, that you arc visiting Bombay at the same 
time as the M.O.C. team is doing. I can only trust that your deli- 
berations will not be interrupted in any way, by the happenings 
on the Gymkhana ground. 

“Gentlemen, when I started to-night I felt lhat T really ought 
not to speak again. I am reminded of a very old story, but it is 
very appropriate. It is a Scotch story, the story of a Scotch lad 
and a Scot eh lassie, who went out for a walk together. The 
Scoch lad was of rather taciturn disposition, and having walked 
for about an hour he had said nothing. At the end of the hour lie 
turned round lo the lassie and said : ‘Maggie, will you marry 
hip?’ Maggie said : ‘I will.’ They walked on for another hour, 
but nothing was said ; so, Maggie said : ‘I say, -Tack, you are very 
silent to-night?’ He replied: ‘T think I have already said too 
much.’ 

“Gentlemen, this is the fourth speech 1 have made within the 
last 21 hours. 1 spoke last night at the St. Andrew's dinner. 
Earlier in the day I addressed a large audience of representative 
medical men and ladies. And then I proceeded — after watching 
the cricket for half an hour — to talk on commerce at the College 
of Commerce, and T was starting a disquisition on the value of the 
rupee and gold, when I saw Sir Victor Sassoon in front of mo, so 
my speech was considerably interrupted. T have now come here 
to have the opportunity of meeting you. Gentlemen, and I feel 
really that the story I have told you is very apt. 

“I did not agree with the Chairman when he said that engi- 
neers were voracious but not verbose. I do not know what he 
meant by ‘voracious,’ unless he alluded to the meal. T will testify 
to their voracity, but not to their verbosity. But, I thoroughly 
endorse the statement that engineers are not versed in the art of 
speaking. T put aside my personal experience with regard to the 
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engineers of, the Bombay Presidency, and 1 will ask yon 10 await 
the arrival in India of the report, the lull report of the Back Bay 
Committee. If you can then honestly say that engineers cannot 
express their opinions Avitli all t lie verbosity at the command of 
the politicians, 1 may then 1 m* prepared to agree with the state- 
ment of your Chairman. 

41 You, Mr. Chairman, have said that engineers are responsible 
to a very large extend for the prosperity and Ibo peace of any 
country. It is true that the prosperity, particularly of India, 
depends on the efforts of engineers, and *prosperit>’ is after all 
only another word for * peace'. You, the engineers of India, who 
have worked in India, have been responsible, and your predeces- 
sors have been responsible, for great schemes which have been 
undertaken for the purpose of assisting the agriculturists of 
India. By your work, your labours and your ability, you have 
Nerved India and have contributed to a great extent to that peace 
and prosperity of India which we are lmpp> to enjoy today. 

l personally am not in a position to speak for any other -Pre- 
sidency or Province than that of Bombay. In Bombay, owing to 
the efforts of the engineers, we have something like 10 per cent, 
of the cultivable area under irrigation. With tin* Sukkur Barrage 
scheme, we shall haw* something like IT per cent. I hope yery 
sincerely that, tin* efforts which the Bombay tiovernineuts made* in 
tlie past and tin* Bombay (ioverninent are making al present will 
* not be the last effort \\e shall make in this direel ion. 

* “ You have said, Mr. Chairman, that the works of the engi- 

neers are economic. That is one of (In* problems at the moment, 
which we, as a (Jovernmeiit, have to compute. I am speaking in 
the presence of my Finance Member, who, T know, will cordially 
agree with every word I say. Our difficulties with many of the 
Nocks is not, due to any fault of the engineering officers, blit that 
the works are not economical. Of course, it is very difficult to 
gauge tin* economic value of an engineering work, because you 
have to put on one side the value which you will receive* from the 
irrigation of barren districts, which, of course, has a. great eco- 
nomic value of its own. 

“ You, Mr. Chairman, haw* spoken of some of the great works 
which we are carrying out in Bombay, many of which are ap- 
proaching completion, some of which are only approaching their 
most difficult stage. It is true that in a few days’ time I am 
going to open the Bhandardara Dam. I do not know how to open 
a dam. But, I am called upon to open everything that has to be 
opened. 

Well, T have visited the Bhandardara Dam, and I really think 
It is another tribute to the great ability of the engineers who have 
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served this Presidency in the past and are serving it even now. 
it is, as yon Mr. Chairman have said, the highest dam in the 
World — l'To feet high. When fully completed it, together with the 
Canals which will How from it, will he of the greatest importance 
to the area to which water will he supplied. 

“We have another dam, which is very nearly completed. Plmt- 
gar Dam. It is the longest dam. whieli is another feat of the 
engineers. and of whieli the engineers of tin 1 Pemba y Presidency 
have even reason to he proud indeed. When that dam is com- 
pleted, w’ln*n it tines all I lie work which il is expected to do and 
when it begins to help the cultivation of tin* large area for which 
it is planned, it will he of tin* greatest beiiclif to the whole Pre- 
sidency of Pomhay. 

“ Xo\v, you have alluded lo I lie greatest effort which the engi- 
neers of the Pomhay Presidency have ever undertaken, and that is 
the great Sukkur Parrage scheme. Since 1 arrived in Pomhay I 
have been inundated with correspondence frojn a number ol people 
who did not believe in its success. 1 have been lately attacked very 
severely by these people* who are telling me that 1 he Sukkur Par- 
rage scheme is going to be another Pack Kay Reclamation. I 
need hardly stall* that a scheme of Hie magnitude of I he Sukkur 
Parrage involving, as il does, an enormous capital cost of some 
thing approaching 1 1'A or 24 ero res of rupees, is a scheme which is 
receiving the most careful consideration from everybody concerned. 
■Now, I think we an* exliemely fortunate in tin* Pomhay Presi- 
dency in having engineers of I la* type we have, who an* carrying 
out t liis great undertaking in Sind under Hu* most diflicult cli- 
matic and other conditions. 1 can say I com m\ own experience 
and I can say from the information T have received from all those 
officers whose advice 1 value that 1 have no doubt in my mind that 
the Sukkur Parrage is going to be tlu* greatest success as com- 
pared with any of the great, engineering schemes of the world. 

I am not saying that without due consideration. We have 
examined, we have re examined wa* have re- re-examined all 
the estimates of that scheme and w re are convinced that up to the 
moment there is not the slightest possible doubt that tlu* scheme* 
will be carried through to every success. 

\ on have alluded, Mr. Chairman, to the efforts which are 
named after different people. I have only one thing named after 
me in this Presidency, and I 'think it is the only thing T have liked 
to be named afer me. It is the first excavator, which was worked 
mi the Sukkur Barrage schemed the Wilson Excavator 
started it myself. That was nearly three years ago, . That wa$ the 



THE SEVENTH ANNEAL DINNER. 


29 


first time we dug. We started to dig one ol‘ the iirst of the three 
big canals. We have three big canals, each of them not so deep 
— but, larger and wider than l lie Suez ('anal, traversing hundreds 
of miles of sand to provide water for this large area which we 
propose to irrigate under the Sukkur Ran-age scheme. 

“ Since that day i have visited Sindh each \ear and have had 
the opportunity of seeing for myself the progress which has been 
made in this extraordinary scheme. The progress lias exceeded 
the anticipation of tin most optimistic calculations of those 
eminent engineers who are conducting tin* works. It. is only a 
matter of a few da\s ago that 1 saw the central canal having 
progressed more miles than could possibly have been anticipated 
even by those avIio had hoped for the very best, results. Rut, 
gentlemen, we must realise that in a scheme of this magnitude, 
presuiting, as it do<s, engineering dillirulfics perhaps hitherto 
unknown in the engineering world, there will he difficulties in the 
future. At tin* moment we are starting I say ‘wc\ 1 mean the 
engineers up there- — putting into both hanks coffer-dams which 
are to enable the engineers to build the regulators for these three 
great, canals. They have got to iinish the regulators before the 
Indus comes down again. When these completed cotter* dams 
have been pushed out from each bank in spile ol great engineering 
difficulties, one hopes (hat evei\ thing will go on without any 
further dilUeultics occurring. Rut the Indus, as many of you 
know, has a iumim in tin North as the Mad Indus. One never 
knows perhaps from one ;\ear to the other what (In* Indus is going 
to do. One cannot hope 1 i Im t the whole <■( the scheme is going to 
he carried through without sonic dilliculty, without perhaps some- 
thing going wrong in one year, without perhaps one portion of the 
great dam, wd.ich has to he completed c\cry \car bet ore the Indus 
comes down, meeting with some aocidrni owing to the Indus 
coming down too soon before the work is linished, and as a result 
the whole area being tilled with water and being lost. 1 know that 
if that thing happens all tin* critics of the scheme will say: 

4 Well, I told you so.’ Rut we must know' that everything cannot 
possibly go on according to previous plans and we must face the 
possibility one year oi* another of our having to meet with unfore- 
seen difficulties. These difficulties are bound to occur in a scheme 
of the magnitude and importance of the Sukkur Barrage, a .scheme 
which is unprecedented in its magnitude, the biggest scheme that 
has ever been undertaken by the engineering fraternity in the whole 
world. 

j .. <«? *f, ' 

“ Your Chairman is responsible for getting me on this subject^ 
I really did not intend to talk to you on this subject. 1 am afrailtf 
I am talking on subjects which affect the Bombay Presidency only. ■ 
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Although 1 take great interest in engineering projects outside the 
Bombay Presidency yet I cannot talk on such subjects as for 
example The Punjab and Kangra irrigation schemes with intimate 
knowledge. I do want, however, to say one worfl about the 
engineering profession. It is appropriate perhaps that I should 
say this to you, representing, as you do, engineers from all parts 
of India. It sunns to 1110 , coming out as a stranger to India, as 1 
did three years ago, the great work, the most valuable .work of the 
engineers a\ lm base served in the past has never really received 
adequate recognition. 1 cannot talk of other parts of India, but 
when I go round to these great engineering works now providing 
irrigation for ten per cent, of the cultivable area of this Presidency, 
when I think of the names of men like Fife and Beale — men who 
have been responsible and practically entirely responsible for all 
the designs of these great schemes of the past, schemes which we 
are now carrying out and schemes which we still propose to carry 
out in the future* — I cannot help thinking that their names have not 
been sufficiently appreciated and that the* value* of their services 
has not been suffieie*ntly re»alise*el by Ihose people whom they have* 
benefited so much. 

“ It was said of the great ( liristopher Wren, who built St. 
Pauls, as you all know, when somebody aske*el : Why have* they 
not. put up a inonmne*nt to him in London?' the answer was ‘If 
you want to find out a monument to him look around !’ You may 
give the same answer about those engineers who scrve*el this Presi- 
e!ene*y so well, so ably and so loyally. 1 would rather se*e* they 4 
names were* reme*mbe*re<l by their names being connected with some* 
of these gre*at undertakings for which the*y were* entirely respon- 
sible, and 1 trust that we* shall be able at some* moment or other 
to se*e that this is carried into e*ffect in I lie* future*. 

“I eleeply appreciate, Mr. Chairman, the* honour which you have 
been good e*uough to confer upon me* by asking me to become an 
Honorary Member of the Institution of Engineers. 1 trust that it 
does not entail any work e>r responsibility, nor that it will require 
any more speech-making on my part. I can emly say on behalf of 
myself and my fellow-guests that we are* intensely grateful to you, 
Mr. Chairman, and to the other members of this Institution fen* your 
invitation t > us this overling. It has been a givat privilege to have 
the opportunity of meeting engineers from every part of Tnelia, and 
T, as the he»ad of the administration in Bombay, offer you the most 
sincere and hearty welcome to our Presidency.” 

Sir Chimilal Y. Melita in proposing the toast “The Institution 
of Engineers (India),” said:— “Your Excellency, Mr. Chairman 
and gentlemen,— Much as I appreciate the honour of being asked to 
propose the toast of the Institution, I cannot help thinking that the 
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duty should ha/ve fallen to the lot of my lion, friend and colleague 
who is away now inspecting the greatest irrigation scheme that the 
Bombay Government have eve]* had to deal with. I am referring to 
the Hon. Mr. Oowasji Jehangir, the Member for Irrigation. 

“ My own work in connection with engineering lias been cast 
in very much humbler mould. As Revenue Member I was in- 
terested in the construction of wells and tanks, which I notice your 
Vice-President referred to only yesterday as works of a bygone 
age. I have no doubt, however. Hint, if these works were carried 
out, as, indeed, they were intended to he earned mil, we should 
cover a very much larger ansi, and we should benefit also a 
larger number of men than can he benefited by the highest clam in 
the world or the dam which has the largest amount of masonry in 
the world. Therefore, 1 took advantage of my superintending 
engineer and appointed him fo advise us as to tin 4 scope of this 
work. 

“ Gentlemen, when 1 thought of what I should say here to-night 
in proposing this toast, I eas( about for a definition of the word 
‘engineer’. I have come across a good many definitions. But, I 
wanted the correct one, and the most appropriate one I found was 
that ‘the engineer is lie who does for one rupee what every fool can 
do for two’. It seems to me it is a very correct definition. Since 
the days of Solomon engineers were* required, I believe, not only 
• for speculative building but for aclual construction as well. And 
from that time Governments in all countries, I believe, have been in 
the hands of engineers. Certainly, our Government has been. 
And, T rather doubi whether e\en Ihe doughty Scotsmen un- 
enforced bv the strong waters that flow at SI. Andrew’s Night 
dinner, would care to tackle the engineer or to keep him under 
check. 

<€ On a further pursuit and further examination, I found, on 
asking the advice of an engineer friend to let me know some more 
particulars about this Institution, about its aims and objects and 
what it has set out fo do, I got in reply the memorandum of the 
Institution with certain words underlined, which my friend per- 
haps thought would particularly appeal to me as a custodian of 
public finance. One, of your principal objects is that you will 
foster not only the science and practice, but also the business of 
engineering. T am particularly interested to notice the word 
‘business in engineering’ ; because I cannot help thinking that 
while a few experts perhaps have confined their interests only to 
the technical side of their work, to the laymen and the taxpayers 
what is of the utmost interest is the business side ; for it provides 
the sinews of war for their various activities. Moreover, your 
6 
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President just now stressed the particular point about the 
economic development of engineering. 

“ I will give you an illustration of how great an importance 
ought to be attached to this part of engineering, ft is the fact 
that in this Presidency alone in the current year, while in the 
budget provision is made for a total expenditure of 22 crorcs of 
rupees, no less than 1) erores or just about 10 per cent, are to be 
spent on either engineering works or through the agency of 
engineers. You can well imagine how failure to come up to the 
high standard which is conveyed in the definition may affect the 
solvency or oven the safety of the State. 

“ I found further that your activities are not limited merely 
to this Presidency or to this country and that your business is to 
be extended beyond India. Wherever we look we find an abundance 
of both material and men which Nature has favoured this country 
with, and it is to the engineers thal we always turn for mnnufao* 
luring our raw material and for transporting if to the markets. 
I f is therefore of the utmost importance that engineers should 
not only be supported but that the engineering profession as such 

should be fostered, and I look forward to the day and I hope 

that subsequent Finance Members will have a full purse with 
which to endow several engineering colleges in this Presidency — 
when the ablest sons of the land will devote their euergies and 
their future life to the honourable — and, I hope, the lucrative — 
profession of engineering. 

u Gentlemen, the presence of Col. Willis on my left reminds 
me of a little experience which I had and which again shows how 
difficult it is to get the better of ail engineer. You may, perhaps, 
be aware that in Nasik there used to be an acetone factory. That 
factory cost the Central Government something like HO lakhs of 
rupees. After much bargaining, the Bombay Government 
happened to buy it for some 171 lakhs of rupees, ft was the one— 
I believe the only— transaction in which the Bombay Government 
on tin 1 Finance side has got the better of a superior Government. 
That factory we converted into a distillery, in furtherance of the 
policy of Government. That factory has steadily continued to pay 
about 75 per cent. 

“ But, some three years after that down comes upon us a 
representative of the Central Government. Col. Willis, and wants 
to make some very profitable arrangements on bis side. The Hon. 
Minister brought up the papers to me for some advice as an ex- 
Minister, and 1 at once saw that Col. Willis was trying to get 
something back for the Central Government. T proposed certain 
other terms, and— 1 must compliment this gentleman upon both 
his powers of negotiation and diplomacy — he did not accept these 
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terms at once, but wanted an interview and at that interview final* 
lv agreed to them. But that was not all. It is qniic possible that in 
a transaction both sides may feel equally happy. I felt certainly 
somewhat happy, but, to my dismay, I discovered some few days 
afterwards that Col. AVillis informed a certain gentleman that he 
thought he had got an excellent bargain out of me. I only hope that. 
Col. Willis will, perhaps, explain that the advantages which we 
got from the Central Government are not going to he jeopardised. 
I wish to give yon the toast of this distinguished Institution of 
Engineers and its prosperity. " 

Lt.-Col. (<. II. Willis in reply said : 

At (he behest of the Council, a behest which I feel does me 
great honour, I rise to reply to the toast of the Institution of 
Engineers ( India) so ably proposed by Sir Ohumlal Mehta. I 
have had— as some of you know — a long and very intimate connex- 
ion with the Institution, especially in i's earlier years. I and the 
then Secretary drafted the whole of the Articles of Association and 
By-laws and we ought to be \ery much Hat tried at the compara- 
tively few alterations which have since been found neeessan. This 
preface is merely to exhibit my quail licat ion to speak for the 
Institution, of which l have had the honour to he a Member of 
Council since its incorporation, and the still greater honour of 
tilling tlm Presidential chair in lb-1 whic h was the last occasion 
*ou which we held our annual dinner in Bombay. 

* As an old hand, I congratulate Mr. Wilson on the wise choice 
which the Institution has made in selecting him as President, for 
this coming year. lie will find it a very busy year and, as we 
know, he is a busy man already: bul we all feel sure that when lie 
relinquishes office— aud judging by my own experience he will do it 
with some relief- -he will leave the Institution stronger in both 
numbers and influence and in every way the hotter for having had 
as its head an engineer who combines with high technical qualifica- 
tions an excellent knowledge 4 of affairs. 

For one moment I wish 1o draw your attention to the debt we 
owe to the excellent work and the loyal service of our permanent 
staff. Our Secretary has proved himself— not irreplaceable, we are 
none of us that— but of such great value owing to his intimate 
acquaintance with our affairs, his devotion to duty, and his whole- 
hearted zeal for the welfare of the Society lie serves that to lose 
him would be a disaster and I am sure I have you with me in 
according him our very real thanks. 

Now I want to take you with me a littje way into the relation 
that should exist, and happily does to some extent exist between 
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India and its Institution of Engineers. Your Excellency, to you 
and our other guests here to-night and, through you, to the people 
of India I want, if 1 can, to make it plain that the institution 
exists primarily to benelit India as a whole by providing for the 
profession a Society which is qua li lied to prescribe standards of 
technical acquirements, lo nurture engineering knowledge and 
research by all suitable means, to advise Government and others 
when consulted on Engineering problems, and to uphold llie dignity 
of the profession so that from coming generations many of the best 
intellects may be attracted to a calling which promises absorbing 
work, adequate consideration and reasonable remuneration. 

The Institution claims that it has already gone far in its effort 
to attain these aims. Started only seven years ago with a small 
membership we are now 1,000 strong. We number among our 
members most of the outstanding engineers in all branches 
throughout the country. We have published many very excellent 
professional papers of which some will undoubtedly become 
classics. Some Governments and institutions proscribe corporate* 
membership of the Institution as a qnalilications for appoint 
ments. It is to be hoped that this will continue and spread till 
the Institution fully occupies in India the position which in Eng- 
land is held by the great engineering institutions there. 

We have been consulted by the Imperial Government, who en- 
trust the country’s representation on the British Engineering. 
Standards and other important organizations to the Institution, 
and by Provincial Governments, on various vital matters includ- 
ing the education and qualilication of engineers, the mitigation 
of floods in Bengal, and the perennial Hooghly Bridge and I ven- 
ture to say that the Institution's recommendations have not beeu 
the least useful of those received. Ilow could they be? since the 
Institution’s corporate knowledge of engineering in all its phases 
throughout the country places it in the unique position of being 
able with certainty to indicate the man or men who are most suit- 
able to advise. And let me say here that L am sure that whenever 
the Council of the Institution is consulted as to the right men to 
advise, they will by no means confine their selection to the Insti- 
tution if in their opinion the most suitable persons are unfortu- 
nately not among our members. For it is with great regret that 
w r e still find certain eminent and eminently suitable engi- 
neers outside our organization. A little wider outlook and a little 
more public spirit should bring them in. We are not bound by the 
laws of freemasonry so that we can and do say to all qualified 
engineers “ Join us and help the engineering profession in India 
to that position and influence which it should have if it is to minis- 
ter adequately to the present-day needs of the country.” 
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In tlie name of the Institution I thank you most heartily for 
your cordial acceptance of the toast so ably voiced by Sir Ohuui- 
lal Mehta. It is only once in about every five years that we are 
able to meet in Bombay as an Institution though you have with 
you always the Bombay Association of the Institution. Let me 
beg of you to use that Association, and through it the Institution, 
on all suitable occasions. By so doing, while you will benefit your- 
selves, you will benefit us, for every call on our Institution to 
prove its use acts as a spur in the direction which we. who have 
its welfare so much at heart, ardently desire that it should take, 
and that direction is onward and upward. 



THE RAILLESS OR TRACKLESS 
TROLLEY SYSTEM” 

BY 

A. LENNOX STANTON ( Member ). 


JNTR< )Pl T CTION. 

In view of proposals reccidly put forward for introducing the 
“railless' ' or trackless trolley system into the suburbs of Bombay, 
u is an opportune time to draw attention lo the advantages, 
facilities and limitations, presented by this system of passenger 
transportation. During the autumn of lB2o, advantage was taken 
by the author, of opportunities presented for making a personal 
inspection of such facilities in Great Britain, together with an 
investigation of the cost, aspect, with a view to the data gathered 
together being of service at a later date to the Government of 
Bombay; since however the trackless trolley system presents 
aspects of increasing interest to the general community, it was 
deemed advantageous to place some of the information before this 
Institution in the form of a paper, in the hope that it may serve to 
focus attention upon an additional aid to certain existing transport 
services in India. Furthermore, as it cannot be doubted, numerous 
conditions are known to exist in other parts of India, calling for 
improved passenger traffic facilities, where the capital expenditure 
of a tramway may or may not be prohibitive, the data now 
presented, regardless of either condition, should nevertheless prove 
useful, to whomsoever may be called upon to consider such schemes. 

DEVELOPMENTS TO DATE. 

Two decades ago in Great Britain, tramway undertakings 
formed the most efficient method in vogue for rapidly dealing with 
the community passenger traffic of large cities and towns. During 
the decade immediately preceding the war, it is probable no aspect 
in the field of general public utilities, made a greater showing of 
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rapid progress Ilian that related to electrically operated tramway 
systems. In particular was this true, as a phase of development on 
the part of Municipal Corporations and in numerous cases so 
anxious were the local authorities to secure the complete control of 
tramways, they did not wait for the expiration of private enterprise 
leases, but everywhere, endeavoured to buy out the operating com* 
panics on profitable terms to the community. The extent to which 
this growth attained may be judged, from the following statistics 
for the >ear 1923-21 of 170 Tramway Undertakings owned and con* 
trolled by local authorities alone in Great Britain : — 


Capital expenditure. 
Gross receipts. 
Working expenses. 
Net Receipts 
Car miles run 
Passengers carried 

Alter I lie payment ot 
sas chiefly diverted to : — 


£71,311,947 
£23,823,170 
£18,551,128 
£ 5,209,0 12 
. 298,542,973 

3,783,502.310 

working expenses, revenue available 


cii The repayment of money borrowed to carry out the 
initial enterprise. 

(hi Making necessary provision against depreciation and 
reserve. 


(Cj The relief of rate*. 

Available statistics covering 91 undertakings for the same 
year, show that: — 

00 earned a surplus. 

25 showed a deficit. 

21 only contributed to the rates. 

70 failed to contribute to the rates. 

59 contributed to reserve. 

32 failed to contribute to resene. 

31 failed to contribute to either the rates or reserve. 

Although certain undertakings are still in a nourishing condi- 
tion, the position taken as a whole is obviously far from being a 
satisfactory one and therefore the question of maintaining, or 
extending existing facilities, has become a matter of increasing 
importance to the rate payer. The reasons are not far to seek, for 
during the war, the maintenance of both car tracks and rolling 



38 


THE INSTITUTION OF ENGINEERS (INDIA). 


stock suffered from serious neglect. In particular, unless heavy 
losses were? faced, the post-war renewal costs of car tracks rose to 
an extent that prohibited re construction, on sections from which 
but a low revenue return was obtainable, in addition, as the 
result of either actual or threatened competition, from a highly 
organised development of the petrol motor omnibus, tramway 
revenues as a whole have been seriously reduced and in certain 
types of Ira flic areas, the consideration of alternatives to the regular 
tied to I rack (raffle facilities, has of necessity, had to be given 
consideration. At present these alternatives are con tilled to: — 

(1 ) The Petrol vehicle. 

rJ) The Petrol electric vehicle. 

1 3'i The Kail less or trackless trolley vehicle. 

Of these, (having special regard to the 170 undertakings;, the 
last mentioned, quite apart from all other considerations, assumes 
an importance in Great Britain of special significance, owing to its 
adoption providing an avenue for either maintaining or increasing 
the revenue 2 * 4 obtainable from electric supply services, owned in the 
majority of cases, by the same local authority as that to which the 
tramway undertaking belongs. It follows in such cases the 
adoption of the rnilless system is bound to prove of great advantage 
since the combination of public utilities is, or should be, productive 
of economic objeclives in other directions. A threatened competi- 
tion may therefore be a \ cried and prevailing losses, competitive or 
otherwise, due to traffic conditions, may be converted into prolits. 
Moreover in areas where the cost of laying down and maintaining 
tramway tracks has become prohibitive, the trolley-bus, as it s 
sometimes called, is even displacing the older system, either in 
sections, or in entirely. Cases of interest which ably present the 
strength of the position which rail less traction is gradually 
attaining are as follows : — 

(1) Ashton- Oldham. During 1925 the Ashton Under-Lyne 
Corporation took over a tramway system from a private 
Company, (he permanent way of which was worn out. 
The rail less system was adopted as the cheaper alterna- 
tive to renewals, single deck trolley buses of the low 
loading type and having a seating capacity for 37 
passengers being utilised. 

(2) Binnht<fh(un Corporation . In the year 1921 the 
Corporation was faced with the re construction of a very 

large amount of permanent way and one route — the 

Nechells -carrying a very light traffic, had got into such 
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a bad condition, that it was no longer possible to 
postpone dealing with the problem it presented. After 
exhaustive enquiries and much consideration, it was 
decided to abandon the tramway and adopt the trackless 
trolley in its place. 

The following estimated ligures were put forward : — 

To re construct the Nechells tramway 
for a continuance of tramway 

traffic would cost : — 0)0,000 

To instal Trolley omnibuses would cos I : — 

12 Trolley vehicles £30,000 

Alteration to over head lines ... £ 3,000 

Taking up tramways and making 
good the route for ordinary traffic. 

... £ir>,000 

£. r >l,000 

Less : — 

Value of 12 tramcars transferred to 


other routes. 

.. £18,000 

£30,000 

Estimates of Receipts, etc. : — 
Tram ways : — 

, Receipt basel on previous 
Expenses 80 % 

years 

£28.300 

£22,640 


Press Profit 

£ 5,060 


If the amount required for recon- 
struction was made the subject of a Loan, 
the Interest and Sinking Fund charges 


would amount to 


£ 9,000 

Trolley buses : 

Loss 

. £ 3,340 

Receipts 

... 

£ 28,300 

Expenses 80% 

Less : — Saving ljd. per mile 

. £22,640 


P. VV. repairs 

. £ 1,562 

£ 21,078 

Gross Profit 

£ 7,222 

Interest and Sinking Fund charges 

... 

£ 4,100 


Profit 


£ 3,122 
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The foregoing figures showed that there would be an estimated 
saving in capital expenditure of £54,000 and an estimated profit on 
working of Trolley omnibuses of £3,122 per annum, after paying 
Interest and Sinking Fund on the new capital requited, as against 
a loss of £3,340 in the case of a tram service. The new system was 
opened for traffic during November, 1022, and the extent to which 
the section of route in question, now acts as a feeder to the regular 
tied to track system, may lie judged from the following statement 
extract of receipts covering period April 1st, 1021, to March 31st, 
1925: — 


Miles run ... 309,180 

Passengers carried ... 5,547,200 

Receipts ... £27,845-5-34 

The cars in use are of a double-deck type with the addition of 
a top cover, they have proved very popular with the public, run 
with great smoothness, are practically noiseless and can seat 51 
passengers. 

(3) Bradford Corporation . — A pioneer ol' the railless system, 
which has been in operation on suburban routes since 1011, In 
this city the financial aspect brought about by the combined costs 
of maintenance and tramway reconstruction, have called for an 
investigation of the position as presented by proposals to substitute 
the raiiless system in entirety for the older system, based on a cost 
of conversion spread over a period of fifteen years. That such 
proposals call for the exercise of sound judgment and wide 
experience, will be self-evident from the following figures for year 
ended March 1924, and subsequent extract report data: — 

Tramway service commenced in the year 1898. 


Route miles in service ... 60.28 

Total capital expended £1,422,258 

Traffic Revenue ... £ 624,778 

Operating Costs ... £ 504,931 

Car miles run ... 6,863,348 

Passengers carried . . 92,683,421 


The railless section of the system represents a capital expendi- 
ture of £28,584, operating on 9 m. 39 ch. of route and during the 
year quoted 408,236 car miles were run carrying 3,601,004 
passengers. 

In a report circulated to members of the City Council Mr. 
R. H. Wilkinson, the General Manager of the Tramways, states 
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that the approximate saving that would he effected each year in 
capital charges as against reconstructing the tramways would be 
£6,600 and gives the following figures as indicating the approximate 
results likely to be obtained from three possible means of 
transport : — 



Tramways 

Kail less 

Buses 

Total cost 

U07,(i2:! 

01,849 

£43,049 

Working expenses 

9,120 

10,333 

12,271 

Interest and Sinking Fund 8,91.8 

5.019 

0,894 

Total costs of operation 

18,014 

45,382 

19,105 

Income 

9,03:.! 

11,191 

11,191 

Estimated annual loss 

8,411 

* 1,191 

7,974 


•Estimated for lirst 15 years. 

Special attention is also drawn in I he report lo I lie point, that 
the Corporation Electricity Department is losing a good customer 
in the event of a decision lo adopt motor buses. In this case, the 
Tramway Department purchase 1 their power from l lie Electricity 
Department for 1-d. per unit and during the year for winch data 
is given (1924), the number of units used was 15,496,787. This 
aspect cannot therefore be ignored. 

(4) Bournemouth . — Here also, the hea\y cost ot reconstruc- 
tion, estimated at approx. £50,000 has rendered it imperative to 
consider alternative proposals. 

(5) Chesterfield.- -The Town Council has decided to introduce 
si railless transport for the town and lias recommended an expendi- 
ture of £27,548 for the eomersion of the tramway overhead 
equipment and the purchase of 11 trolley vehicles. 

(6) Darlington . — The Corporation lias applied for powers, 
which if sanctioned, will enable them to replace six miles of exist- 
ing trainway by trolley buses, together with extension work, 
providing for a further six miles of service on the same system. 

The application Dili has been read for the second time and 
comparative figures of interest are ns follows : - 

To relay the tracks and purchase new trarncars Avould cost 
£160,000 against a cost of £55,000 for replacing overhead 
equipment and purchasing trolley buses. The position 
defined becomes worse if extensions are carried out on the 
old system, inasmuch that to the £160,000 has to be added 
£140,000 for laying new extensions, making a total of 
£300,000, whereas the extension routes for trolley buses 
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only cost £25,000. Thus including the extensions, the total 
outlay for tramways would be £300,000 and for trolley buses 
£00,000. The opening of one section of the new trolley 
system took place on the 17th January, 102#. 

(7) Hartlepool and West Hartlepool Corporation . — A some- 
what similar position to that outlined in the preceding case pre- 
vailed and a decision has been made in favour of the railless system. 

(8) Keighley Corporation . — This Corporation has the distinc- 
tion of being the first town to abandon altogether the tramway 
system originally operated and replace it wholly by railless 
services. The last tram ran in December 1024. Figures which 
Led to the decision are as follows : — 

Oriyi nal Tra m trays. 

Estimated cost of relaying 2i miles of worn out track £30,000 

Renewal and maintenance of remainder (per annum) £ 3.500 


Annual cost, including capital charges which could 

not be met by profits £ 0,150 

Rail less Substitution Throughout , 

Estimated cost of substitution of railless on whole 

system of 0 02 miles including new cars £27,850 

Annual capital charge, on above £ 1,038 

Profit estimated at (per annum) £ 2,970 


which would be available for meeting charges on old undertaking. 

(9) Wolverhampton : — The trolley bus has also found much 
favour here and is being rapidly extended, several hitherto 
non-paying routes on the old system have been converted 
into paying ones through the change. 

(10) Finally, the Ministry of Transport return issued in J92o 
shows that 13 local authorities and one Company operated 
trolley omnibus services, whilst 17 local authorities and 
one Company have obtained powers for operating. The 
total route length open for traffic was 54 4 miles and powers 
not yet exercised provide for an additional 1J3T> miles. 
During the year 18,441,102 passengers were carried, an 
increase of 6,637,655 or 56 2 per cent. The number of 
miles mu increased by 36'6 per cent to 2,188,764, whilst 
energy consumed amounted to 2,920,947 units, or an 
average of 1-33 units per car mile. 

The list could be still further augmented but it will be self- 
evident that the trolley bus has come to stay and that in common 
with other developments of a similar order, the experimental stage 
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lias passed, which however should not he taken to mean that 
linnlity lias been reached, any more (ban is the ease with the motor 
bus. Turning to conditions elsewhere, (hr facilities of trolley bus 
traction are being taken advantage of to meet an economic situa- 
tion, similar in attribute to that of limit Britain, in Shanghai, 
South Africa and New Zealand. 


RUNNING AND MAINTENANCE GOST ASPECTS. 

Now closely associated with ihe (jnestion of capital costs on 
proposals made, are the unavoidable and ever important elements 
or running costs and maintenance costs. These items necessarily 
rail for careful examination and as will be readily understood, it 
is not an easy matter to obtain reliable data thereon. Apart from 
the aspects of capital expenditure which haw* prosed most effective 
in bringing about (Ik* present development, one of tin* main argu- 
ments put forward in favour of tic* trolley bus, is its low running 
cost, as compared with both its greatest competitor the petrol 
motor bus, and the tramcar. About both however exists a con- 
siderable divergence of data and it will be obvious, comparative 
costs to be of value, must allow' for and include, all the local 
elements called into operation, which admit of reasonable inter- 
polation. Eor any traction problem worthy of the name, the 
matter clearly is not so readily soLed, as is the question say, •?£ 
comparing the costs of generating electricit \ . Eor example, the 
running and maintenance cost* of suburban electric (rain service 
in and around Bombay, necessarily cannot present a similarity of 
focal clement* to that which exists in Melbourne or Durban. 
Apart from all oilier factors, this divergence is bound to reflect 
itself at soi in* point upon tin* cost of operation. As related to rail- 
J ess traction, the elements which bear most on running and main- 
tenance costs are : — 

(If The sealing capacity and the type of vehicle used. 

(2) The schedule speed and the number of stops per mile. 

(3) The condition of high wav and its gradients. 

(4) The price paid for power. 

The design and type of vehicle used will be chiefly governed l>y 
f 1), (2) and (3), which again have a ( lose connection with main- 
tenance. Primarily (J) and (21 will be governed by the traffic 
conditions. Here it may not be amiss to state, that as related to 
design, it is remarkable what a uniformity was, and still is to be 
found in the general lines of British tramcar construction. Any- 
one who 1ms seriously endeavoured to get improvements effected 
of provable utility, will therefore know how difficult it was to get 
the car-builder to make a change, if it involved any radical depar- 
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turc from preconceived standards. This was owing chiefly not so 
much as may be thought, to the economic equation it pi'esents to 
production cos:, but more directly to an inertia which always 
resists change of any kind, until forced to yield to if. Following 
too closely a modilied form of tramcar construction, the design of 
the earliest trolley buses was such as undoubtedly delayed giving 
proposals for their adoption the same consideration that is given 
the mat ter to day. Paradoxical though it may appear, the advent 
of the petrol motor bus, the most formidable competitor of the 
tramcar in suburban and the Jess densely located transport services 
brought about a utilisation of the motor-bus designers’ services 
and it cannot be gainsaid, that the present day successful vehicles, 
giving daily satisfactory service, are largely the result of splendid 
ell'ort on the part of designers, competent to build both types of 
vehicle. Photographs are appended which clearly illustrate the 
trend and scope of the most up to date trolley bus design. Turning 
now to 1 lie question of cost, the following data should prove of 
utility: — Table I gives some statistics of tramway costs; Table IT 
statistics of Municipal railless services; and Table III some 
statistics of motor omnibus services. All the tables include locali- 
ties in common and indicate operating conditions and costs, which 
to some extent admit of reasonable inferences of comparison for 
t raffle purposes. As a further aid in this respect, the following 
(tvcrafjci s* based on the figures given and relating to the three types 
of transport service covered should be useful. 

ELECTRIC TRAMWAY SERVICE. 

Average revenue per car mile on nine undertakings 
operating costs per car mile on nine , 
fare per passenger ,, ,, , 

RAILLESS SERVICE. 

Average revenue per car mile on twelve under- 
takings 

Average expenses per car in i Jo (including power) 
on 12 undertakings 

Average fare per passenger on 12 undertakings 

MOTOR OMN III US SERVICE. 

Average traffic receipts per bus mile on four 

undertakings ~ 16*900 d. 

A\erage expenses per bus mile on four uuder- 

takings =• 13-058 „ 

Average* faro per passenger on four undertakings - 2 630 ,, 


- 15-10 d. 

- 13 33 „ 
= 10T „ 


-- 19-22 d. 
== 14-53 „ 
- 1-07 „ 
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Note: — * (Ipswich) figures shown are from September 2/23 to March 31/24 only. 

* (Wolverhampton) figures shown are from October 29 23 to March 31/24 only. 
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To those interested Table IV which follows may also be of 
s< rviee and attention is invited to the closeness of the ai wage 
units per car mile shown over the periods taken. True, statistics 
are often misleading, not infrequently too, of infenl, but the 
checked average's undoubtedly indicate a uniformity of creditable 
performance on the part of motormen, taken as a whole; which 
matter incidentally, had no bearing whatever on the selection 
made. 


TABLE IV. 

ELECTRIC TRAMWAY UNDERTAKINGS. 


.Name of 

Town. 

ended 

March. 

Kelvins ov , 
kwli used ; 
per car 
mile. 

Year 

ended 

March. 

! Kelvin or 
1 kwli used 
per ear 
! mile. 

Aherda re 

1923 

1-37 

1924 

l()f» 

llirmin&liam 

?> 

ISO 

y i 

L()S 

Bradford 

yy 

•>.‘H 

yy 

22(1 

Halifax 

yy 

241 

yy 

2*48 

i pswiclt 

yy 

133 

If) 2.~> 

1-20 

Keighley 

yy 

1-35 

1024 

1-35 

Leeds 

yy 

1-77 

— 

— 

Wolverhampton 

yy 

1-57 : 

1924 

1 57 

York 

yy 

1G8 


1-81 


Note -The average units taken on eight 

undertakings shown for J 923 -- 1-73 per car mile 

„ „ „ „ „ 1924-25 - 1-76 „ „ „ 

Special Note : — The 1924 return for “ Railless ” services shows an 
average of 1-33 units per car mile, taken over the 
whole systems in operation. 
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It follows from what has gone before, that whereas the comparison 
figures are of little or no technical value, that being outside 
the function of the tables, they nevertheless do present exceedingly 
useful information regarding trallic and its relation to the all- 
important financial aspect. The latest, available data on ope in ting 
cost are as follows : — 


I 


IVriod. 

Name of 
Town. 

Type of 
: Vehicle. 

I 

i 

Operating costs 
per car mile. 

11*25 

Birmingham! l’etrol motor buses (l).D.) 

13 00 d. 

77 

jy 

1 Tramcars 

12 59 „ 

7 » 

77 

ltailless (J).L>.) 

12 06 „ 

77 

West 



! 

Hartlepool 

Petrol motor buses 

13 00 „ 

i > 

77 

Tramcars 

1819 ,, 

77 * 

77 

ltailless 

10 59 „ 

1 

77 I 

York 

Tramcars 

13-81 „ 

n 1 

>7 

ltailless (S.D.) 

12 08 „ 

» ! 

Teeside 

ltailless 

12 05 ,, 

1 

i 

ltailless Rd. 

1 1 



Checked in another form, the Tramways Manager (Mr. C. O. 
Silvers) of Wolverhampton < 'corporation, states Die total costs per 
100 neat wiles for the throe types of transport are as follows : — 

Motor buses ... - 445G d. 

Tramways ... ... = 3956 ,, 

Kailless = 37 34 „ 

At Keighley, a check on the running cost for petrol per car mile 
on the motor bus =2*99(1. as compared with the cost of l’93d. for 
electricity on the rail less system. Turning to maintenance, the 
City Treasurer (Mr. F. Ogden Whiteley) for Bradford, states the 
cost of maintaining rail less cars is considerably heavier than in 
the case of tramcars. On the average of the last live years, the 
Corporation railless cars have cost £472 per annum each to 
maintain, while the tramcar costs only £359 per annum. Local con-, 
ditious of course may have a great bearing on this point. Through 
the courtesy of the General Manager (Mr. R. U. Wilkinson) 
of the Bradford Corporation Tramways, I am enabled to 
place before you the following comparative statement excerpts of 
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average cost per car mile, of tramways and railless, for tbe year 
ended 31st March, 1925: — 

Traffic Expenses. 

Tramways = 7 180d. 

Hailless G'lTld. 

General Expenses. 

Tramways 
Hailless 

Ecpairs and Maintenance. 

Tramways l*920d. 

Kailless -- 3 960d. 

1 H)S3d. lMOJd. 

Under (he Iasi sub head, I Ik- ileni “permanent \\i\x" al>sorhed 
1393d. on the tramways against nil on Ha 1 railless, on the other 
hand, the item “cars" shows a debit of 3 l27d. under railless, 
against a debit of 2009d. under tramways. 

The figures relate to: — Tramways 

Koutc miles ... . , 59 007 

Car miles run 2,180,002 

Average car miles run per route mile 37,010 

FACILITIES AND LIMITATIONS. 

The rapid development of self-propelled or power-driven 
vehicles during the last two decades, has led to an unprecedented 
utilisation of such traffic facilities. This advancement of mechani- 
cal art has compelled the modern highways engineer to realize, that 
roads and vehicles must be studied with as deep a comprehension 
of their economic aspect and the necessity for foresight, as the 
building of a railway demands, if vast sums of money are to be 
spent w isely and ability to prove efficiency in a public utility service 
second to none, is to be demonstrated. One outcome of this state 
of affairs is a definite recognition on the part of responsible 
authorities, that while the problems of surface traffic congestion 
call for no constructional technique in the spectacular sense, 
the two problems are nevertheless so intimately related in the final 


Kailless 

9-188 

118,750 

15,007 


- 1 071 d. 

l'OOOd. 
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results obtainable, that no town planning schemes, street widening 
projects, or regulations for the betterment of transport facilities, 
can afford to ignore their proper co-ordination. In addition, the 
costs of street and road maintenance have attained an importance 
of undreamt of significance to the rate-payer and tax payer. 
Contrary to expectations, neither the total elimination, where 
possible, of slow moving vehicular trallic, nor yet the tremendous 
reduction effected thereunder, as the result of higher speed 
mechanically propelled vehicle substitution, has sufficed to bring 
about the desirable state of affairs many had hoped would follow 
therefrom; on the eon t ran, the difficulties experienced have pro- 
vably increased, by reason of the highways being called upon to 
carry more and more* vehicles, having dimensions, weights and 
speeds of every conceivable order. The extent of this aspect may 
be judged from the following figures taken from London statistics 
1923 * 24 . 


/CCs’N/; A UHIt JOURSKYl* 


/V Git HA TJUt LOUDON. 


War. 

Millions of Passengeis 
earned. 

(Railway traffic excluded.) 

Estimated 
population 
of Greater 
London. 

Journeys per head of 
population. 

(Railway traffic excluded.) 


Tramway 

Omnibus, j 

Total j 

Tramway 

Omnibus, 

Total. 

JJJU3 

:)'Jl 

287 

| OWJ 

H 

<),72<;,0<HI 

! 58 

Cl 

101 

i'M a 

812 

7:u> 

1,548 

7.15:1,01(11 

lift 

100 

210 

vm 

iur» 

12H 

2.2T) 

7.1)2, 

J.w 

15!) 

205 


Factors of obstruction arc therefore of ewr increasing importance 
and the tramcar which operates in narrow streets or highways, 
labours under two disadvantages coming under this head. In the 
iirst place, all stops in general an* made at points where passen- 
gers either get ting on or off, have no option bill the one of crossing 
a street or high way, with at times its undoubted attendant risks; 
in the second place, the failure of supply on a route section is 
productive of congestion, owing to its usually occurring at a time, 
which causes a long line of cars to be held up. Like the motor bus, 
the trolley bus operates in such a manner, that it can pull up at 
the kerbside, the most desirable point to either get on or off, 
wherever desired on the line of route and should a failure of the 
supply occur, if does not necessarily imply an undesirable if but 
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temporary, monopoly of that part of a thoroughfare, which free 
fast moving traffic equally claims a right to use. At the same time 
it should not he overlooked that for dealing rapidly witli dense 
traffic , no existing system of street surface transport affords the 
same facilities as does a well organized and- properly maintained 
tramcar system, nor can it do so at less cost with the same relative 
advantages. Technical aspects outside the scope of this paper and 
chiefly associated with the mechanical ability of the tramcar to 
operate under conditions of greater overload capacity than any 
other road vehicle, plus the advantages derived from the use of 
two motors under series parallel control largely contribute to this 
end. True, motor bus competition in Glasgow has resulted in an 
estimated loss to the tramcar system of £100,000 per annum aud 
legislative powers are even being sought in Greater London tending 
to limit competitive conditions, where the tied to track conditions 
are found running at a loss, but that there still exists a field for 
both free and tied to track traffic, cannot be doubted. A good 
example of the excellent facilities afforded by the now oft-looked 
down upon tramcar is to be found in traffic, figures for tin* Metro- 
polis of London during 1018, wherein it was shown that each motor 
omnibus ran 37,500 miles and carried 303,000 passengers, while 
each tramcar ran 30,000 miles and carried 515,000 passengers. It 
is now possible to make a comparison of the relative advantages 
and disadvantages of the three systems of passenger transport 
which have called for consideration, in order that the claims of 
“ railless ” can be properly presented. 

Financial Aspect. 

On the capital expenditure side, the petrol motor omnibus 
system shows to the greatest advantage, inasmuch that such 
expenditure more readily admits of accommodation to a variable 
factor of utility than does the tramway or railless system. In the 
latter case, capital expenditure on a permanent rail track is 
eliminated, together with its incidental maintenance, but expendi- 
ture on the overhead line work is increased, by reason of a double 
conductor system being required. Depreciation is higher in the 
case of the motor omnibus and cxc^ptiny for tyres, lowest in the 
ease of the railless vehicle. If, however, tyres ai.* included, then 
granted normal conditions, depreciation at present is higher in the 
case of ik railless M than for the tramcar. 

Rcrenur -earning (Ui parity. 

I 1 rom the data presented it will be clear, the most important 
(dements from a traffic point of view, will be the elements of 
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capacity, flexibility and service reliability. The conditions of 
service called ior will normally govern capacity and the tramway 
here easily comes lirst by the nature ol the case. The petrol motor 
ominous aud railless bus being so allied to each other in construc- 
tional design, leaves little or no element of great divergence 
between them where capacity is concerned, since both types admit 
ol' being built up as required, either as single deck or double deck, 
low loading vehicles. Flexibility is an element which may be 
relative or not, according to the point of treatment. Thus, where 
conditions permit oi* entering a tramcar at a specially constructed 
covered street crossing stop and travelling right up to a railway 
terminal point, the same degree of flexibility would be attributed 
b^ many, as that applicable to a petrol motor omnibus doing the 
same tiling, with the exception that the latter carries passengers 
to the kerbside. Under certain traflic conditions, the tramcar too, 
may even reach the terminus lirst, since vehicle flexibility is by no 
means the same thing as route flexibility. Treated in iis generally 
accepted sense, however, llie tramcar is lied lo both track and 
overhead route, even as the rail less bus is tied to the latter only 
and therefore the petrol motor omnibus possesses the greater degree 
ol flexibility, from the point of view that it is a complete, self- 
contained, propelling unit, limited only to the routes and highways 
along which it is licensed for service. Nevertheless despite its 
being confined lo a route, which is limited by the distance to which 
an electric supply feeder can deliver energy sufficient to maintain 
I he necessary pressure to operate trolley buses from an overhead 
trolley system, t he trolley bus lun ing a range of not Jess than 
thirty live feet within which to manipulate at will, in and amoug 
oilier highway traflic, possesses on such a route, au equal degree of 
service flexibility. As a rc\emie earning proposition, the petrol 
motor omnibus, with ils greater elasticity of movement at road 
crossings and ability to travel wherever licensed, between points 
w here distance cannot present the same limiting factors* that it 
does in tb( i case of the other systems, has not only in many places 
compelled tramway authorities to adopt if themselves as a sub- 
sidiary to the tramway proper, but it lias also diverted considerable 
traflic off the local railway systems. Now speed of transit is a 
positive determinant in traffic problems and in tills element, 


•Note : —'Messrs. Tilling-Stevens, the well-known producers of the petrol electric 
bus, have had a type of petrol electric trolley bus iii operation for 
some time. This Vehicle is built to operate either as a trolley-bus, 
or on the Tilling-Ste veils petrol -electric principle. Tho combination 
enables the vehicle to be used for long distance running, it therefore 
possesses all the flexibility of the petrol bus, with the advantages of 
the railless, for use on routes which call for such a service. 
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•• railless ” shows to the greatest advantage over the petrol vehicle. 
Factors of the element in question are : — 

(1) Ability to get away aud pull up in a minimum of time; 

i.e., rapid acceleration and deceleration, supplemented by 

easy control under congested traffic conditions. 

(2) High average speed regardless of gradients, 

(5; High overload capacity. 

These factors moreover, have a definite relation to the comfort of 
the passengers carried, which cannot be ignored and here again, 
the “railless” system, using pneumatic tyred, well sprung vehicles, 
compares most favourably, since it demonstrates them to a high 
degree; in addition, no one who has had the experience, can fail to 
comment most favourably on the absence of noise and vibration 
afforded by “ railless ” as compared with the petrol motor omnibus. 
There being no changing of gears or other disturbing elements 
which abuse the sense of “bearing” to the same degree, nor yet 
the emission of noxious fumes which abuse the sense of “ smell,” 
it also follows, the extension of “ railless ” has proved popular 
wherever it has been adopted, which statement is not to be taken 
as lacking in respect for the builders and operators of the petrol 
bus. Having reference to the factor of reliability the figures of 
mileage and cost already given, shoAV that each type of vehicle 
possesses reliability to a high degree and it cannot be doubted, the 
successful manner in which passenger transport services operate as 
a whole, under variable conditions of service and climate, prove 
that both the builders and operators of vehicles, recognize the 
great importance of paying special attention to this point. Sum- 
marised briefly, the case for “ railless ” traction is clearly 
established as being in every way advantageous to the public, 
wherever traffic conditions call for improved transport facilities, 
but the capital cost of a tramway proper is prohibitive. Secondly, 
where a tramway system already exists and successful development 
works are proceeding, an obvious ^uty of the (ram way authority 
is one of examining the conditions, with a view to extending its 
overhead system for railless service into suitable districts, serving 
ar feeders to the main system. With either case in question, the 
electric supply authorities exist to obtain a greatly enhanced 
revenue and the general public a greater demonstration of the 
utilitarian advantages presented by the advancement of the 
mechanical arts. 



STANTON ON RAILLESS TROLLEY SYSTEM. 
CONCLUSION, 


55 


Turning now to India, it cannot be too clearly recognized that 
despite many obstructive elements which are often erroneously 
attributed to so-called political ideals, or even to beliefs of another 
order, the wheels of progressive effort cannot be arrested. Sooner 
or later and the signs of the times are, that it cannot be postponed 
over-long, India will either be compelled to take up a far greater 
position of enterprise in the world’s work, or pay the inevitable 
penalty which follows a continuance of lethargy and indifference t<> 
the higher welfare of its millions. As the standards of living 
change in an upward sense, with the diminution of illiteracy, even 
so does the tendency for a greater development of industrial effort 
make itself felt. Such expansion is invariably productive of density 
increases in area population and it cannot be doubted, apart from 
all other considerations, the provision of cheap and rapid transport 
facilities, forms one of the greatest assets in everyday life. As 
related to the subject of “ railless ” and quite distinct from the 
efforts of private enterprise in connection with electric supply 
undertakings, the gradual electrification of the railways either pro- 
ceeding or projected, should bring about conditions tending to call 
for increased highway and local subsidiary transport facilities at 
many undeveloped points. If, with all due regard to the commer- 
cial aspect, as can be shown elsewhere, its development gives an 
impetus to the mdiftment of communal life, no avenue of expansion 
should be ignored. Excluding the great railways and associated 
with a few of the leading cities, the highway transport field of India 
is yet but little developed and little or no co-ordination of effort to 
recognize its importance as a means of relieving housing congestion 
ii. industrial areas, or as an aid to successful industrial effort, or 
even as an indication that pedestrian traffic merits the considera- 
tion found elsewhere, can be proved to exist, between the various 
authorities having the powers necessary for stimulating such 
development. It is true such developments call for much money, 
but I venture to think the greater need is spade work of an educa- 
tional order, and such labour is held to rest on a far higher basis 
than does the too common one of endeavouring to effect economies, 
more often than not, provablv retrogressive and non-productive in 
character. 

In conclusion, I desire to place on record, my sincere thanks 
for courtesies and facilities extended to me in particular by, 
Messrs. Alfred and A. C. Baker, respectively General Manager and 
Chief Engineer of the Birmingham Corporation Tramways ; to Mr. 
R. B. Wilkinson, General Manager of the Tramways Dept., 
Bradford ; to Messrs. Railless, Ltd., of London ; to Messrs. Richard 

9 



56 THE INSTITUTION OF ENGINEERS (INDIA). 

Garrett and Sons of Ipswich. For useful data I am also much 
indebted to: — 

Montague H. Cox Esquire. 

The Clerk of the Council, London County Council. 

The Proprietors of the Municipal Journal, Ltd. 

The Proprietors of the Electric Vehicle. 

The Proprietors of the Electrical Times and others. 

Your attention is furthermore directed to 

(1) Fig. 1. which illustrates how good acceleration is obtained 

from a type of motor specially designed for “ railless “ 
service. The curves relate to a motor built by Messrs. 
Bull Brothers, Ltd., of Ipswich, and cover a ventilated 
type motor — one hour rated — for 50 IJ.-P., at 1000 
lt.P.M. It is built in accordance with the B. E. S. A. 
specification No. 173 of 1923. The commutation is 
absolutely sparkless at any load up to 250 amperes with 
33% field diversion. 

(2) Appendices Nos. 1 and 2 show tramway statistics illustrat- 

ing the extent to which surface transport traffic has 
developed in localities far apart and operating under 
entirely different local conditions. 

(3) Appendix No. 3 gives particulars of railless vehicles in 

use at Bradford. 

(4) Appendix No. 4 gives vehicle weight comparisons. 

(5) Appendix No. 5 gives the leading dimensions of a Garrett 

trolley ’bus. 

(6) The three photographs illustrate : — 

(a) Two Types of trolley ’buses in service. 

(b) Constructional details of a Garrett trolley ’bus 
chassis. 



APPENDIX No. I. 

LONDON COUNTY COUNCIL TRAMWAYS 
Miscellaneous Statistics Year 1923-24. 
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Note For Tramways and Omnibuses combined, the year 1922-23 recorded an increase of 20 4 per cent in Passengers carried 
and an increase of 24.6 per cent in Car miles run. 



SOME STATISTICS OF THE BOMBAY ELECTRIC SUPPLY AND TRAMWAYS COMPANY. 
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Census? population for year 1921 numbered 1,175,914 
Estimated ,, 1924 (June) was 1,239,767 



APPENDIX No. III. 

BRADFORD CORPORATION TRAMWAYS. 
Particulars of Railless Vehicles. 
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APPENDIX No. IV. 

Comparison of Weights per Passenger carried 
by Transport Vehicles. 
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Abstract from paper of Mr. E. M Munro read before the Congress of Tramways and Light Railways 
Association, Bournemouth. 


LEADING DIMENSIONS 
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Speed Curve for 50 H.P. Bull Motor Showing that the Torque does 
drop off Rapidly at the Higher Speeds. 
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DISCUSSION ON 

RAILLESS OR TRACKLESS TROLLEY SYSTE^f 

The Chairman in opening the discussion congratulated the' 
Autlior on bis interesting and instructive paper and remarked that 
his investigation into the statistics of so many tramway under- 
takings must liave involved, in itself a Lone, very many hours of 
work. If railless traction were in any way to displace the existing 
track system in Calcutta it could only be done in small sections 
to start with, such as, possibly, over the new Howrah Bridge to 
connect the tramways mi the Calcutta bank with those on the 
Howrah bank of the Tlooghly. Consideration of the running of 
tramways over the new Howrah Bridge is being duly given, hut 
thSre are some difficulties to be got over iu the way of the llexure 
joints of a floating; structure. "With a lixed tramway track should 
a bullock cart break down athwart it a whole line of traffic is held 
up by tin 1 tram rendered stationary, whereas a railless bus could 
sweep round tin? obstruction and not block the traffic behind, and 
this is a very material matter for people crossing the Howrah 
Bridge to catch a train at Howrah Station. On the other hand 
there would he the incoveuienee of passengers having tip^ehange 
from tramway into trolley-bus on one side of the river for- 

wards from the frolb^bns into tram on tie* other side. It was of 
considerable importance to the Members of the Institution tlu||| 
Mr. I)ain of the Calcutta Tramway Company was present in tlllr 
audience, and it would he of interest if Mr. Dain could give us 
some information regarding the life of tramway track under condi- 
tions obtaining in an Ka stern like Calcutta. According to 

the Author’s figures the cost of the tramway track at Keighley 
worke^gjut to something in the neighbourhood of Its. 33 per 
runnirfJfTOot. and it woull he of interest to know how that compares 
with the cost iu Calcutta. It was worth noting the remarkably 
good^ti mating of the possible trolley-bus receipts in the case of 
the Ullmimghnn^ Corporation, their estimate being £28,300, and 
the actuals £27,845. Apparently receipts come in most cases to 
about an all-round average of Is. Gd. per mife.* One of the advan- 
tages of the^Author’s Taper has been the bringing to light to 
members Institution the fact that the railless trolley-bus 

system hafnttow been in use for a greater number of years than 
many of us TOUild have thought ; and in a good ma^ places too; 
and that as long as 10 years ago the system was a44j££|£d by the 
Bi ad ford Corporation- 
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The cost of a railless route apparently hovers between one- 
Itfth and one-sixth of the cost of new tramway track, and the 
energy consumed works out at an average of about 1*83 units par 
troUey-bus mile. This figure would be of interest to Mr. Dafti 
a comparison with his Calcutta tramway costs. 

On page 6 of the Paper Interest and Sinking Fund charges on 
the total capital cost of the three different systems are given. In 
the case of Tramways this works out at 8J%, in the case of the 
railless at 10%, and in the case of ordinary buses at nearly 1G% 
of the capital cost. In the case of the annual capital charge of 
the railless system at Keighley this apparently works out at 14£%. 
It is rather difficult to reconcile these differing percentages. The 
Author comments upon the constant difficulty there always is in 
effecting any change involving a radical departure from existing 
standards. Calcutta, however has taken on a new lease of life 
during the past two years, as evidence by its numerous buses and 
judging by their multifarious designs. 

An interesting point brought out in the Author’s statistics is 
that for every unit of 100 seat miles the railless system is the 
cneapest of all three systems. From the statistics of passenger 
journeys in London it would appear that bus traffic now predo- 
minates but the Chairman rather agreed with the Author that 
there probably existed a field for both free and tied to track traffic, 
and that this was the broad and probably the most correct view 
to taj&s, If a trolley-bus has a range of some 35 ft. within which 
to manipulate is there not considerable likelihood of a bad driver 
disconnecting the trolley arm from the overhead wiring? Presum- 
ably however this is simply a matter of experience. Unquestion- 
ably the absence of noise and vibration and of the smell of fumes 
are distinct adjuncts to a rail less trolley system. 

A point of pathetic interest to note from the statistics given by 
the Author regarding the LondoU County Council tramways is the 
fact that out of 2,012 cars in service in 1923-24 only two these 
were horse drawn. Probably to-day even these may no longer exist. 

Colonel Sir Cordon Hearn said, in view of the author’s state- 
ment on page 52 that “ no existing system of street surface 
transport affords the same facilities as does a well organiti$l and 
properly maintained tram Car system, nor can it do so at less cost 
with the same relative advantages ” he felt supported in liis 
opinion that tramways have not of recent years had a “square 
deal ”. The British temperament approves of unlimited competi- 
tion and perhaps rightly so, but it is a grave quesnon whether 
recently the tramways have not been unfairly handicapped. 

Originally welcomed, long before the petrol driven bus 
a\ pea red, tramways were made to keeg^pp a considerable area of 
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Lull road surface, which the drivers of airs, owners of buses, and 
the public now exploit to the Utmost, resenting the right of wfr 
once given to the trnm ear. No doubt the fart that the train offr 
does Hot draw up at the pavement and therefore both passen^s 
and road traffic are temporarily incommoded, has a good defel fco^ 
do with the prejudice against tramways, a prejudice which 
author’s remarks show to be unreasonable. It is surprising "wl 
find what an increase in tramway journeys per head lias takeitii 
plaee in Greater London, in the last ten year period given on p. 51, 
in spite of the great competition of motor buses. Tramways 
therefore are providing for a real need and it is unfortunate that 
co-ordination of transport facilities by traffic authorities is so 
neglected. It was for this co-ordination that the London General 
Omnibus ( v ompany in 1DU4 conceded some of the demands of their 
employees, hut has this advantage materialised? A recent 

endeavour to restrict certain buses from overcrowding a certain 
route ended in failure when the last ease came before the 
Magistrate. 


A good deal is said about tramways being worked at a loss 
and as a ( barge on the rales, but probably this loss is offset by the 
local authority being at less expense in scavenging in the central 
ureas, while the wider distribution of bouses adds to the rateable 
capacity. Or again the workers may live in the areas of other 
authorities, and many expenses fall on them — so that the loss may 
really be a matter of allocation only. / 


The encouragement given to motor buses by the public lias to 
be paid for, and possibly the local authority has not looked with 
disfavour at private enterprise finding the capital, which otherwise 
would have had to he spent on more tram cars. Again the “travel 
habit” must be good for the tramways. Gut when the question ol 
scrapping the tramways arises, no fund lias lieen formed for that 
purpose, and private tramways have vested interests, which experi- 
ence shows are usually to be acquired only at a high figure. 
Therefore, the suggestion to use the overhead equipment, modified 
though it may have to he, with railless buses is an interesting one. 
At the same time the figures on page 44 seem to show that railless 
servieelloes not compare well with motor buses, and in particular 
the fares charged, or at least realised, seem to show a considerable 
difference. Yet many of the systems are operated side by side, or 
in the same city. The capital outlay per mile seems heavily in 
favour of the motor bus, at Wolverhampton for instance. 


The impressions left are that there has not been sufficient time 
to (( try out ” the railless system and that profits ^H^resent are 
not sufficient to find a depreciation and sinking fund^ii both new 
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' and old equijHiiont, if the latter, except the overhead trolley wires, 
is to be snapped without resorting to confiscation. 

The author is to be congratulated oil the industry* with which 
lie has accumulated figures, which ought to he of great use in 
calculating financial prospects. 

Mr. IT. A. Buyers said, the 1 principles enunciated in the paper 
by Mr. A. Lennox Stanton on the subject of the Kailless or Track- 
less Trolley System must by the very nature of the conditions 
prevailing in India be limited in application. The number of 
(owns where electric tramways are operated can almost be counted 
i ‘ii one's lingers. 

In all other large urban areas it is astonishing to see the 
development of passenger transport by means of the motor bus. 
r lhis, by first cost., maintenance and overhead charges, being 
cheaper than is possible in European countries, puts the motor bus 
in a favourable position to compete with other forms of road 
transport. 

It is therefore open to much serious thought when ^ .civic 
authorities are considering the development of urban traffic, 
whether such progress should not be in the direction of more motor 
busses and eschew the attractions of an electrified system. 

One has only to see what has happened in the urban and sub- 
urban areas of Greater London where*, inter alia , the development 
ot motor bus services depleted the revenues of the London County 
■Council trams, so that they have to he run at a loss, to realise tin* 
great responsibility which tram services undertake in competition 
with more* flexible forms of transport. This leads one to the con- 
sideration, where to my mind the Trackless Trolley System can 
I unction in tin* most suitable form, and that is in freeing t lie con 
gexted areas in towns, which congestion in sometimes wholly due 
to the location of tramways in narrow streets. 

A most glaring example of what tramways can do in blocking 
and holding up road traffic for long periods is to be seen daily in 
the Strand Road in Calcutta. This important artery, which deals 
with traffic crossing the river to the Railway termini and goods 
sheds, as well as taking the heavy flow of traffic from the ware- 
houses along the river, is, generally between the hours of 10 a,m. 
ro (j r.M., almost impassable and it is a common sight to see strings 
of Tramcars held up along the street from the important junction 
with Hand son Road. Now these two tracks of tramway must 
occupy very nearly Jjrda of the total roadway which explains the 
cause of most of the congestion in this area. The introduction of 
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the Trackless Trolley System say from the High Court Terminus to ' 
Chitpur ami tlie Harrison Komi K ranch wouhl go far to relieve 4 & 
congestion which at present is nothing short of scandalous. 

1 was very interested to notice on my passing through Ipswich 
last year the dra stir, change over which the tramways had made 
from rail to trackless. The Corporation had evidently not thought 
it worth Iheir while to take up the rail tracks, which were left in the . 
streets, let us hope, as a silent witness of days of useful endeavour. 

In comparing the statistics of cost in Tables l and II for the 
town of Ipswich, it would appear that the figures are in favour of 
flic Clertrie Tramway as against the Kailless Service. The lie? 
revenue per car mile seems to he distinctly in favour of the Electric 
Tramway and does not support the Author's contention in favour 
of the Kail less Service. 

Mr. Aik ins remarked that the paper was a very valuable one 
and (‘specially interesting to him as the possibilities of the railless 
tram system were, considered h\ the Calcutta Improvement Trust 
nearly 10 years ago. An important question raised by Mr. Dain 
was whether it was practically and economically possible to 
introduce a length of railless service with its positive and negative 
overhead wires in a narrow congested street such as Chitporc Koad 
without interfering unduly with the existing electric supply 
arrangements in adjoining routes. 

It was the policy of the Improvement Trust to provide separate 
tracks for tramways wherever possible, and not to allow trams to he 
laid down in any street which had a width of less than r>-l -ft. between* s 
kerbs. The greatest drawback of the ordinary tramway tracks was 
its noisiness which so far as present, experience went could be 
overcome only by laying the rails on sleepers instead of on the usual 
concrete bed. It seemed to him that the absence of noise was one 
of the greatest assets of the railless system, and that its future 
success might be largely dependent on whether it was or was not 
found possible to eliminate noise from the older system. 

It had been suggested by the recent Committee on Calcutta 
Tramways that the railless system might be adopted in one of the 
new improvement. Trust roads knows as the “Maniektolla Spur.” 
He disagreed entirely with this suggestion as the roadway in 
ouestion was 54-ft. wide and he understood from figures given in 
the paper that this would necessitate white lines being laid down 
along each side of the route to enable the drivers to keep within 
reach of the trolley wires. 

Mr. K. R. Qodbole said, I wish to make a few remarks with 
reference to this paper. T am sorry that the author is not present 
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to give us I'm-tlKT information on tlu 1 points that will arise during 
the dismission. I presume however, that the other Fleet rival 
Engineers present to-day will he* able to help in sieving queries 
that may be raised. 

AH large towns require eheap and regularly established 
intereommunieation between their different ])ortions and the 
surrounding suburbs. Aeeordingly we find the larger eities in 
India and in European eountries equipped witli systems of tram- 
ways which are fairly remunerative concerns. 

in the Uombay Presidency, we have the cities of Homhny ami 
Karachi in which tramways have been well established and are 
profitable undertakings. Hut we have eities like Poona and 
Almiedabad which require consideration. 1 am well acquainted 
with conditions in Poona. We have here a population of about 2 
laes of people with population centres at Kirkee, Wauavadi, 
(ihorpadi, Ycrawada, Hhamhurda and Poona Fuutnmnent, etc., 
situated all round. All these outlying places have a considerable 
]>opulatiou who have occasion to visit the city, public offices, 
courts, Railway station and bazars very often during the day. 
For this traffic, some system of tramways is required. The city 
receives over 3,000 passengers every day from the (S. I. P. and 
.Madras and S. M. Railways and sends out a similar number of 
passengers by these Railways daily. The component, population 
centres are situated at considerable distances front each other. 
The surrounding villages also bring about 700 or N00 head loads of 
field produce, etc., every day into the town. There are 710 two 
wheeled, 100 four wheeled and 171 hulloek Fonveyances licensed 
for hire, which deal with the passenger traffic! in the city in 'addi- 
tion to 7.7 licensed motor ears and 140 licensed motor lorries. The 
motor cars and motor lorries deal with traffic in the Districts. The 
conveyances plying for hire in the City are 087 and it is estimated 
that the amount they earn per day is not less than Rs. 3,000 which 
means an annual income of Rs. 10 or 12 laes. The Railways bring 
in and take out also, a large daily parcels and goods traffic. 

T think a city like this requires a tramway system. Track 
tramways on rails may prove to be unsuitable as they are expen- 
sive and as they require wide roads, while some of the roads in 
the city are less than 20 ft. in width. It seems to me that the 
railless trolley-bus system referred to in the paper is a system that 
will answer the purposes of Poona very well. The points iu its 
favojir at Poona are: — 

(1) There is an Electric supply company in Poona which 
will be glad to secure the day load of tramways and 
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which will probably be prepared to sell power at 
annas per unit. 

(2) The trackless trolly bus linos ran ruu iu the narrow 
streets of the city as well as on broad roads outside, 
without any inconvenience to other traffic, especially 
as the busses are -said to be capable of swerving on 
the road surface to the extent of IC»ft. 

(2) There being no rails and no rail track, the cost of con- 
struction and maintenance will he very moderate. 
This will enable low fares to be charged which will 
kill competition by petrol motor busses. 

Judging by the tigures of cost in England, as given in Table 
II on page 1(> of Mr. Lennox Stanton’s paper, the cost, of construc- 
tion of trackless trolly bus line ought to he* iu the neighbourhood 
of Ks. 45,000 per mile which is fairly cheap. 

I should like to listen to the views of the Members here on the 
contents of the paper. Will the trackless trolly bus system suit 
Indian cities like Poona and Ahmedabad with their narrow roads, 
and will the installations in these cities he paying propositions in 
these days? The petrol motor bus will be a powerful com- 
petitor and must be kept, out of the liehl by the new tramways 
being able to charge very low fares. The ( -apifal and maintenance 
costs of tramways must be. low. 

Mr. (!. r. T\ rish nasmiHii {'hefty said, I write to inform you 
that at this moment l forget what exactly 1 spoke, on Mr. Lennox 
Stanton’s Paper. Put as far as my memory goes, I remember to 
have drawn the attention of the author to the monorail system, 
which was not referred to in his paper. The monorail system is 
more or less a semi trackless system. The carriages run on only 
one rail laid close to one edge of the road. Each carriage is 
provided with two steel wheels one in front of tin* other fixed fairly 
close, to the longitudinal axis of tlu* chassis. There is yet a third 
wheel which is of wood with iron rim fixed to the side of the 
carriage*. This is more or less a balance wheel and runs on the 
road. The rails are only of IS pounds section and cost compara- 
tively very little. Such a system was working over a distance of 
about. 12 miles between Poona nm Hi and Avadi not far from 
Madras. But the* system proved a failure not for any technical 
masons, hut for want of sufficient goods traffic. 

Mr. R. K. Nariman said, I am afraid I am not quite sure now, 
of what I said. But I believe I suggested that for big cities like 
Bombay, Poona, etc., which had electric installations, a system/^ 
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busses worked by electric storage batteries may be considered. 
The batteries could be charged during periods ol‘ low demand and 
thus help lo equalize the load factor. It would algo reduce the 
capita J and recurring charges as there would be no need to erect 
and maintain the overhead wires. Such busses are running in 
Italy and other countries. As regards the fear of damage to roads, 
because of the heavy weight of such busses, it was expected that 
rue new reinforced concrete roads in Horn buy would be found to 
be strong enough to stand this traffic. Moreover the weight in- 
tensity could be reduced by using twin tyres. lVrhaps, if neces- 
sary, the weight of the batteries may be reduced by reducing its 
capacity to a few hours only and changing the battery twice a day 
as it ran down. 

Mr. R. D. V. IS im ham said, the subject taken up by Mr. Stanton 
is one that will not only tax an Engineer's ability and knowledge 
of matters pertaining to technical practice, hut will require of him 
skill and knowledge, in the solution of business problems of the* 
greatest importance*, in understanding I heir financial position, 
the nmaning of the items on the balonce* sliced; and ineenne state 
menl, and in grasping generally the manner in which transporta- 
tion se*rvic(*s and other public- utilities should be* conducted. In 
bis paper, Mr. Stanton aims at presenting transportal ion preddems, 
on a, business, ee-onoinic and scientific basis. Much cm] it is due' 
to him for setting forth so clearly, fremi a business point e>f view r , 
the factors that go to deride* in fa\our of the rnilless svsleun, based 
on the* circumstances of the* cases quoted by him from Great 
Itritain. The* statistics and particulars gathered by him with 
ie*gard to the ihre*e important services in operation there, his 
reiview and comparison of the se*rviee*s by taking average's of a 
number of undertakings, and bis elaboration of eletails — to 
establish the superiority of the trae kh'ss ove*r every other system of 
transportation serenes, are no eloubt illuminating. I >ut after all, 
he* has elealt with only eme side of they problem. 

Public stand point of view : His exhaustive plea for the rail- 
less, for conditions peculiar to the western cemntries, one can very 
weill appreciate. Any recommendation for its aele>ptie>n into cities 
m this country cannot lie accepted without, some hesitation, unless, 
in the cireumstanccs of the case it has been pl*e>ve<l satisfactorily, 
that it. w.ouhl provide the* most suitable form erf transportation, and 
that, it would be economical and acceptable'., as well, fremi a general 
stand pen nt of the public. 

Congestion of traffic : All our provincial cities are faced with 
congestion of traffic, and the removal of tracks from the streets 
and the substitution of the trackless system, a. plan which Mr. 
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j^tanton seems to favour, would generally increase congestion 
instead of relieving it. 

Tramways : Tram service lias proved very convenient for this 
country, and goes far towards increasing the efficiency with which 
the available* street space is used. The outstanding advantages of 
the trackless trolley lit* in that the capital investment is less, and 
the working expenses slightly lower: The investigations made by 
Mr. Station seem to possess little use in the treatment of problems 
affecting our cities. However, provided our cities were planned 
on lin<*s like those of Great Britain, his observations could be 
* accepted with little hesitation. Unfortunately, our cities have 
been peculiarly planned, perhaps it may be said to have been 
planned without any consideration for the future improvements 
m mechanical transport, or have been allowed to grow' haphazardly 
and without control. 

The trackless trolley has already come to stay in England, 
America and other countries. The problem has now come to us 
whether tin* trackless system may not be introduced to advantage 
into our cities too. 

L would point, out that the problem of transportation is one 
of the most important problems that this country has now to face 
in a comprehensive manner, and it is really fortunate that Mr. 
Stanton should have raised the problem of Kail less traction for 
discussion in our Institute. 

The Author , in his reply, dealt with the various remarks as 
follows :- ~ 

1. Vol. Sir (Jordon Hearn. It is indisputably true that tram- 
ways of an established character are unfairly handicapped by the 
continuance of an unrestricted competition. The general public 
of to-day give little or no recognition to the immense part which 
has been played by the tramway in the development of suburban 
estate* development and since the advent .of .the motor-bus, are 
equally indifferent to the necessity for supporting common traffic 
facilities on lines which designedly utilise each available service to 
the best advantage. The bent advantage however is provably not 
wholly confined to the utilisation of mechanical advances to the 
extent which, in Great Britain, has lieen productive of the cry — 
scrap the trams. Public beliefs held regarding the benefits which 
arise from the retention of unlimited competition must eventually 
react upon themselves and invariably reflect their effects most 
positively upon the financial aspects of the interests concerned. 
The solution lies in a proper co ordination of al£ city, suburban 
and urban district passenger transport facilities, to the end that 
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efficiency may prevail over the whole, such a policy should l>e ( 
conducive to cheap and rapid transport, reduce waste no matter 
what form it takes and provide for a greater safe guarding of the 
capital investment represented than iB otherwise ’possible. The 
evidence to date is conclusive, that an efficient, tramway system 
cannot be beaten by any other form of existing open street or road 
transport facility, for dealing with the dense traffic conditions to 
be found in industrial and other massed population areas; nor 
can any other form operating under similar conditions meet these 
particular requirements so cheaply aud economically. It may be 
of interest to point out here, that tin* number of passengers 
carried by tramways in Great Britain during the year 1925 was 
J/ ,020,501,52 1 as compared with 1,743,318,314 representing the total 
number of passengers (inclusive of contract ticket holders) 
carried by all the railways during the same period. Clearly then, 
any proposals which aim to displace tramways in entirety by any 
other form of existing transport must give a careful consideration 
to all the conditions which a, scrapping of the trams would create. 

Adverting to the comments made on Greater London, it is 
interesting to note, that some of the chief values given under 
Appendix No. 1. London County Council Tramways Year 1923-24 
show increases during the year 1925-26, which may be obtained by 
the use of the following figures : — 

London County Council Tramways statistics — 1925-2(1. 

Net capital expenditure to 31st March, 1926 ... £16,381,077 

Car miles run ... ... 68,804,927 

Passengers carried ... ... 691,472,969 

Average car miles per day per car ... 12815 

Average car hours per day ... 1408 

Average fare paid by passenger (pence) ... 1-45 

The continued utility of the L. C. C. tramway services to the 
public is well illustrated by the fact that four aud a quarter 
millions of passengers were carried per route mile in 1925-26, 
compared with three and three-quarter millions per route mile in 
1913-14. 

Now judged from the advances made since 1925, when the 
investigation which prompted my paper was carried out, the 
railless” system is rapidly leaving the “ trying out ” period 
referred to in the comments and noteworthy in a number of 
additional places where “ railless ” has been adopted are the 
cases of Wolverhampton and West Hartlepool. These two Corpora- 
tions are effecting a complete transition from' the tramway service 
to a new transport service which embodies the joint advantages of 
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the “ railless” with the motor bus. At both places, the decisions 
reached were the outcome of a careful investigation into the 
relative costs and conditions (local and otherwise), applicable to a 
consideration of alternatives to the tramway proper and chiefly 
rendered necessary by heavy expenditures called for under track 
renewal liabilities. The proved outstanding advantages of the 
trolley vehicle over the motor-bus were stated to be its accelera- 
tion properties, lack of engine noise, vibration and smell. In 
addition, all the motorbiis chassis improvements admit of applica- 
tion to the trolley bus and overhead equipment provided on the 
tramway routes iN easily adaptable for trolley vehicles without 
great expense. 


15. Mr. It. I). N. Himhoni. — The comments received do not 
appear to call in any way for either au enlargement or a repetition 
of the section in the paper which comes under the sub-head u Faci- 
lities and Limitations ”, for that section review's the respective 
as|w?cts presented by the tram-car, the petrol motor bus and the 
trolley-bus. The paper aims to attract a greater attention to trans- 
portation problems which are bound to become of increasing import- 
ance to all industrial centres and residential areas throughout India 
as time goes on. Ft is not, however, intended to convey the impres- 
sion that, the adoption of “ railless ” alone can or will solve those 
problems of passenger transport in India which are not, nor 
cannot, be, dealt with by ihe existing railway systems. The case 
for “ railless ” is clearly laid down on Page 54 of the paper and 
when existing tramways in India either begin to operate with a 
loss, provablv due to calls for expenditure on the relaying of 
tracks along non-paying routes, or are faced with heavy capital 
outlays for extensions, then the case for “ railless ” becomes on 
a par with the conditions found elsewhere. I fully agree that, 
treated as a whole, Indian cities have grown up in a hap hazard 
Ntjje, devoid of system or plan, but there was a time when similar 
cnffclitioiis applied to even Great Britain. A similar ruling applies 
to the development of roads too and as we live in an age when 
the utilisation of advances made in mechanical traction has 
forced administrative authorities everywhere to spend money on 
large scales, that public convenience shall be served, the provision 
of facilities for cheap and rapid transport has of necessity become 
a feature of civic and other development works, which no respon- 
sible administrative or executive official of to-day should ignore. 
Adverting to the difficulties presented by narrow streets and the 
question of congestion, it should not be overlooked, that where in 
service the trolley-bus forins no greater a factor for congestion 
than does the motor-bus. Owing to its advantages in , acceleration 
and control it is probably less ; on the other hand, it had a* 
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flexibility limitation not applicable to the motor -lais, by reason of 
the trolley bus flexibility radius for safe working being limited to 
a matter of fifteen to sixteen feet for a road width of from thirty 
to thirty-five feet, which however means, that in the narrow 
thoroughfares common to most Indian cities and where the condi- 
tions admit of overhead trolley wires being erected, a similar 
flexibility may be claimed for both the trolley and motor bus 
vehicles. At West Hartlepool for instance, the trolley vehicle is 
giving a satisfactory service on streets where (at the most narrow 
point) the width does not exceed sixteen feet seven inches. 
Incidentally it may be remarked, that the most recent types of 
trolley bus being placed in service carry a deviation indicator for 
the guidance of the vehicle driver when negotiating traffic. The 
actual indicator takes the form of a box located in the driver's 
compartment , which is numbered in feet from the centre to left 
and right. As the driver manipulates the vehicle in and out of 
traffic, a light appears in a particular portion of the box showing 
the extent of such deviation. 

3- Mr, l\, R. ( I orf bole . — Any development of a “ railless ” 
system in cities where no prior conditions exist, from which data 
essential to the formation of an estimate of the probable traffic 
conditions can be ascertained, necessarily calls for a careful study. 
It moreover calls for the exercise of what (for want of a better 
term) may be called ‘engineering sense’ to a greater extent than 
does the provision say of a fleet of motor- buses, otherwise un- 
miumerative routes containing capital in the form of overhead 
equipment are sure to result. Poona is a city however, which 
inter alia possesses an electric supply service anxious to secure 
nutlets for a more or less uniform day-load and the development 
of new residential areas is also bringing more prominently to the 
front the needs of local transport facilities; combined, it cannot 
be doubted that, granted co-operative effort to exist between the 
local authorities and the electric supply authority concerned, The 
city of Poona presents possibilities for developing a transportation 
service advantageous alike to the community served and those with 
whom the onus of finding the necessary capital may rest. Since 
the proposals do not call for a consideration of the tramway 
proper, the investigation of any Rurvev undertaken, will be con- 
fined to a study of traffic possibilities, supplemented by a com- 
parison of a motor- bus service as a. revenue earning proposition 
with the trolley-bus. In other comments made, it is observed that 
an error of interpretation needs correction under (2) where 
reference is made to the trolley-bus being capable of swerving on 
the road surface to the extent of thirty-five feet. The proper inter- 
pretation to be put on the -reference from Which the error arose is. 
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that granted a road surface of thirty- five feet to exist with trolley 
conductors carried directly in line with the centre, the trolley-bus 
trolley-boom range of flexibility (as will have been already ren- 
dered clear in the reply to Mr. It. D. N. Siniham), is such as 
permits of its easy manipulation at will in and out of any traffic 
(.n that road. For streets or roads of greater width, it is necessary 
to run four overhead wires preferably carried on a span construc- 
tion, which provides for up and down (?‘.c. double traek equivalent) 
service routes. Referring to cost, it may interest Mr. Godbole to 
know, that a recent estimate for providing a trolley-bus service of 
ten thirty-two sea ter pneumatic- tyred vehicles to operate over a 
conductor route-mileage of ten miles, called for a capital expendi- 
ture of Rupees seven lakhs. 

4. Mr. W. A. Buyers. — The only reply called for here, lies in 
pointing out, that as related to the concluding paragraph of the 
comments, the Statistics of (V>st in Table 1 (Tramways) for Ipswich 
are for twelve months, whereas those of Table II (Railless) are 
from September 2, 1928 to March 31, 1924 only. In the light of 
additional figures (only obtainable since inv paper was sent for- 
ward in May 1926), it may serve a useful purpose to draw attention 
to the following : — 

Under Table /. Electric Tram ir ay -figures for Ipswich . 

Year. Length of street route Revenue per 

miles. car-mile. 

1921-25 9.35 16.67 Fence. 

Ipswich Bailless Service return for the same year— 1924-25, 

Length of route open Revenue per 

miles — chains. car-mile. 

0.62 15.888 Fence. 

*• 

5. Mr. McGlashan. —Adverting Jo the remarks marie alien ( 
Birmingham, since the City of Birmingham presents a useful object 
lesson in the results obtainable from the labours of a single City 
Council Committee, who control tramways, trolley-bus and motor 
hits transport services, it may he of interest to state, that the 
report for the year ending 31st March, 1926, records a gratifying 
progress to have taken place in all three forms of transport. 
Figures are : — 

Tramway# Service. ( Limited to approx. 74.5 miles of facility.) 

Gross Revenue, £1,470,590, an increase of £42,036. 
Mileage run, 20,100,363, an increase of 1,021,750 miles. 

Passengers carried, 251,664,435, an increase of 10,845,978, 
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Trolley-bus Merrier . (Limited to 2 milt's 10 chains of facility .) 
dross Revenue, £20, .‘>77, an increase of £1,532. 

Mileage run, 31)5 ,852, an increase.* of 9 20,070 miles. 

Passengers carried, .7,010, SIS, an increase of 402,018. 

Motor-bus aS terrier. ( Not limited as are the precediny , but 

restricted in route fhrouyh co-ordination .) 

dross Revenue, £220,202, an increase erf £00,780. 

Mileage run, 2,270,211, an increase 1 of 771,020 miles. 

Passengers carried, 20,21.7,222, an increase of 8,222,201. 

Peculiar as it may appear, (he year’s results constituted a 
record from a / tarn -car mihayc point of view, more than a million 
miles in excess of any previous record in the historv of the 1 under- 
taking having taken place. The adequacy of ! lie transport facilities 
provided as a whole , moreover, appears to be reflected by tlie 
evidence that the total passengers carried were also in excess of 
any previous vear by nearly 11,000,000. 

Regarding (lie* difference referred to in the* financial figures 
shown for llrudl'ord and for Keighley, the* differing percentages arc* 
the result of conditions controlled by the* system of local accoun- 
tancy and in which the factors taken into consideration are not the 
same*. 

Judged from the services examined, instances in which the* 
trolley boom is disconnected through bad or cureless driving are 
few and the* drivers rapidly become as export in controlling the* 
new type* of vehic le as they were formerly when driving the tram-car. 

The point mentioned regarding (he* two cars shown as horse- 
drawn perhaps needs amplification; those two horse curs were in 
slock at the* date of flu* return, actually, horse fraction ceased in 
May 101,7. 

(I. ,1/r. M. It. .1 thins. — 1 hope* (lie* additional information 

given in previous replies will help to solve the question which 
relates to Phitpore Road. 

Railless vehicles of the latest type* are practically noiseless and 
vibration has been reduced to a negligible* degree, which of course 
does not apply to either the tram car or the motor-bus. 

Anent the remarks made regarding Maniektolla Kpur, in the, 
absence of other data the roael width stated (54 feet) would 'Appear 
to lend itself to the adoption of “raiHess” through a span con- 
struction, which (by the use of four conductors) would provide in 
so far as flexibility is concerned, for up and down routes capable 
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of moving with ease in traffic witliiu a width of sixteen feet on 
either side of a centre line taken when the trolley booms rest 
directly in a line parallel with either of the respective op or down 
route overhead conductors. This means, that practically thirty- 
live* feet of the entire r>4 fret roadway is at the* disposal of either 
an up or down route driven* to manipulate in and even in India one 
eonld scarcely expect more. Alternat ively, if found advantageous, 
the “railless" eonld he adopted on its merits as a single track 
route? only, the limitation of llexibility in this case being that of 
sixteen feet e>n*either side* of a centre line taken down the r»4 ft. 
wide* road. 

7. ('(inclusion . — Although as stated by Mr. Layers, the field 
of application for “railless" in India must hi* limited in applica- 
tion by tin* very nature of the case*, it nevertheless serves to bring 
aspects of flu* transport problem before* Members of the* Institu- 
tion, which might not otherwise have* received attention. In Croat 
Kritain the* interests of all commercial comm unities are closely 
inter-linked with that of Local authorities where* transport 
problems arc* concerned, which may be gathered from the simple 
growth of tin* Home Covcrnmenr ltoad Hoard Knud ; an auiounr 
of £2, Hitt, 000 paid by Tramway authorities during H)2o in the form 
of local taxation for tlu* upkeep of that, portion of roadways 
defined as “the tramways permanent way"; and, £3,221,000 paid 
for 707 million units of electric al energy used for operating same. 

Ju conclusion, I feel it is not out of place to here repeat what 
1 stated in my paper cm ihe subject of railway electrification 
during 1023 — “the advancement of India, as in other countries, is 
inseparable from the* solution of problems of transport, and the 
attainment of I his end will very largely depend upon the 
amalgamation of interest between the* great hanking and engineer- 
ing interests involved, under conditions which will demonstrate 
that public utilities are in reality a national service*/’ Replies to 
the discussions raised on the reading have been unavoidably 
delayed through a desire to [make the paper as a whole, w r hen 
associated with the subject matter of discussions and replies, as 
informative and complete* in its useful data value as possible and 
1 trust all interested in the* subject will line! that this has been 
demonstrated to their satisfaction. 

H. Mr. C. V . K rishnas warn y Chctty . — The mono-rail system 
is not referred to in the paper because, as a commercial proposition 
for dealing with passenger traffic on lines similar to those covered 
by the field of the trackless trolley system , it does not enter into 
the problem. To date, practical applications of the mono-rail 
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system have been extremely limited, the reasons for which may be 
judged when it is stated that, original commercial ideas held 
regarding the mono-rail system were based upon the production 
of a means whereby passengers could be conveyed with safety over 
fairly long non-stop distances at speeds as high as four miles a 
minute. Apart from all technical aspects, it will be recognised 
that the securing of facilities for obtaining a right of way across 
roads, public and private lands, in such a manner as to properly 
provide for the rail line being built in a perfectly straight line, 
forms by no means the least of the problems presented in countries 
similar to England or of even greater density condition. As an 
example, such a project was at one time put forward as a supple- 
mentary or alternative facility to existing steam -operated express 
railway facilities conveying passengers between Manchester ^ and 
Liverpool or vice versa (forty miles in forty minutes), by an 
electrically operated mono rail service doing the journey in ten 
minutes. 

9. Mr. R. K. Nariman, — The question of utilising storage 
batteries as a means of operating transport facilities is a matter 
meriting far 'more attention than it has received. As might be 
expected, development of this kind stands higher in the United 
States than it. does elsewhere and claims for its expansion usually 
place strips upon the reduced cost of upkeep when compared to 
other vehicles, but the price of current for re charging, the number 
of vehicles in use and the conditions of use are all factors calling 
for consideration at a stage where, in most places, a lack of 
urbanised dairying facilities at low rates exist. Against their 
more extensive adoption are the elements of first cost, durability 
and weight, the latter being particularly disadvantageous. For 
localities without an existing tramway, where it is proposed to 
seriously consider tin* development of an electrically propelled 
street or road transport system, the question of whether a storage 
battery vehicle should be adopted in preference to the trackless 
trolley, is a matter which ordinarily , will admit of solution by 
reference to tlie anticipated traffic conditions alone. If however, 
tlie problem is one of simply deciding whether to scrap an existing 
trolley wire tramway system for the reasons set forth in the paper, 
the question of considering whether the proposed new service shall 
be operated by the trackless trolley as against t lie storage battery 
\ chicle, will not ordinarily enter into the question, since under 
present conditions, the advantages of the trackless trolley are too 
self evident. 



MAIN FEATURES OF THE TANSA 
COMPLETION WORKS FOR THE 
WATER SUPPLY OF BOMBAY 

BY 

S. T. PR OK OFIEFF, ASSOCIATE MEMBER. 


Tlie Tansa Completion Works Scheme has been the last step in 
the development of the water supply from Tansa lake, for increas- 
ing it from a little over 30 million gallons to 00 million gallons per 
day, which is estimated to be the draw the catchment can yield in 
years of normal rainfall. 

Consideration of future extension, however, proceeds on the 
lines of further increase of the Tansa lake capacity for the purpose 
of storing additional water to be derived from Vaiterna River and 
provision has been made to admit of laying an additional water 
main along the present Tansa Completion Works route. 

The original Tansa Project was planned in 1872 by Major 
Tuilock. In 185)0 Tansa water was brought to Horn bay, the conduit 
having been formed by a masonry aqueduct of about 40 million gal- 
lons per day capacity witli inverted syphons of 48" cast iron pipe 
capable of discharging 17^ million gallons per day. 

In 1915 the Tansa Duplication Scheme was completed, consist* 
ing of raising the dam and duplicating the inverted syphons 
between the duct portions by 50" lock bar steel pipe. 

In 4920 the Tansa Completion Works began, the immediate 
motives for the undertaking being, in brief, as follows : — 

(a) Rapid increase in population, as shown in the attached 
table, and industrial development. 



TABLE SHOWING GROWTH OF BOMBAY WATER SUPPLY. 
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(b) Serious shortage of water due to failure of 1918 monsoon. 

(c) A serious accident to a portion of the old masonry duct 

in July 1917. 

]l was also apparent that the water supply available would be 
inadequate to meet the requirement upon the completion of very 
large development schemes undertaken by Government, City Jm 
provement Trust, Port Trust and the Municipality. 

Plan of the new water mains laid under Tansa Completion 
Works Scheme and position of Tansa lake are shown on the at- 
tached Map (Plate 1) among all the other works for the water sup 
ply of Bombay. 

Beginning at Tansa Dam, two parallel gravity 72" steel mains 
are laid upon the formed track till Bassein Creek is reached at 
Mile 29. The two arms of the creek are crossed by the two specially 
constructed bridges. The two bridges have also provision for a 
roadway. 

After crossing the creek the two 72" mains continue till Powai, 
where, at Mile 40, a site has been chosen for a tiller plant and a 
chlorination plant has been constructed for disinfection of the 
whole water supply. 

South of the chlorination plant the two 72" mains taper into 
two 57" steel mains and a branch leads into a 00" steel main. 

Further, three Venturi meters are appointed oil the two 57" 
mains and the 00" main for measuring the whole supply. 

The t wo 57' mains continue to Bandra where they cross under 
the B. B. & C. X. Railway Bridge at Mile 17J, aud then the mains 
cross the creek upon a bridge specially constructed. From here tin* 
57" mains enter the Bombay Island and continue to Nana’s Ohowk, 
near Grant Road Station, at Mile 54 1/5, where one of the two 
mains terminates and is to be connected to two existing inlet pipes 
into Malabar Hill service reservoir. The second main will con- 
tinue to C/howpatty Terminal point, at Mile 54£, where cross 
connections are to be made to three existing outlet pipes from the 
Malabar ilill reservoir. 

The two twin 72" and 57" mains are provided with stop valves 
and ctoss connected in several places thus dividing the whole length 
into sections convenient for efficient, control of supply, inspection 
and repairs. 

The 60" steel main is laid upon the formation prepared from 
XWai towards Gluitkoper, where at Mile 3 it is connected to the 
two existing Tansa mains of 50" and 48" diameter leading into 
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Bombay island, which mains are branched, eventually reaching both 
Malabar Hill and Bhamlarwada service reservoirs. 

Besides the two old Tansa mains already mentioned, the 
Bombay Municipality are in possession of the following supply 
mains : — 

(1) The Vclmr 48" ri vetted steel main leading from Vehar 
lake to Knrla where it branches into two c. i. 32" and 
24" Mains, the former extending to Bhaudarwada re- 
servoir. 

(2) The Tulsi 21" east iron main leading from Tutsi lake and 
eventually reaching the Malabar Hill reservoir. 

There is one more small Municipal hike constructed at Powai 
in 1890, never, however, used, the water not being polable. 

While planning tin* Tansa Uompletion Works Scheme, considera- 
tion was given to the arrangement which would allow of certain 
interlacing of the new supply mains with the old ones. 

On the whole length from Tansa to Mahim and from Powai to 
(ihatkopcr the pipes are laid fully exposed with the exception of 
the r>7" mains between Andhcri Marol and Santa Ortiz road cross- 
ings where Hie mains art 1 laid partly or fully in trenches in view 
of future proposed road over the mains. 

Tin 1 pipes in Bombay island arc laid underground. 

Ififdraulic Calculations . — The new mains have been designed 
for a discharge of 90 million gallons [ter day. 

Under the advice of an expert, Prof. W. O. Unwin, formula 
Ohe/y 

V = c v'Fs 

was used, t lie value of U being taken as 108; tin? professor based 
this choice on the observations bv llershel and Marx for rivetted 
steel pipes of large diameters. 

For discharge of 90 million gallons per day (1(57 msecs) by two 
72" mains according to the formula 

Q = 2 x 1- x 108 a/ 7 X S 
4 T 4 

the hydraulic gradient equals 
S - 00048. 
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Loss of head on the length from Tansa to Powai will equal 
•00048 x 215100 - 108*28 feet. 


Head of water at Powai, when water is drawn at an average 
level of Tansa lake (40000 T. H. J>.) will equal 
400 - 108-28 - 290-72 T. II. I). 


For an average head of water at Malabar Hill reservoir 
of 247 00 T. II. L>., 

the available head along the 57" line is 

200 72 21700 - 40*72 feet; 


tlins, the hydraulic gradient will be 


40-72 

78800 


000074 


Aeeording to the same formula the two 57" mains will discharge 

q = 2 x 77 x 108 ^ x /\J 000074 

= 108*5 eusees = 58 A million gallons per day. 

The remaining 

00 5K£ - 81 A million gallons ])er day 

- 58-5 ensees will be discharged by tin* 00" main, the hydraulic 
gradient working out. at 
*000014, 

from the Name formula. 


The loss of head along the 00 M main will equal 
10500 x -000011 10 18 feel 

and tin* bead of water at Ghat koper 

200-72 - 1018 - 280 00 T. II. I>. 


Formation level at Glial koper being 
471-27 T. If. T)., 

the pressure in the two 50" and 48" old Tansa pipes 
Ghat koper equal 


286-60-171-27 

2*81 


50 lbs. per sq. inch. 


will 


at 


The maximum pressure in the pipes discharging as above will 


9 'jo ( 

be found at Mile 28 equal to 7" = 108 lbs. per sq. inch 

a . 1 «# 
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The maximum static pressure (in Rom bay, at Haines Road 
crossing) would equal 

120 - 08 00 - 352 feet ~ 152 lbs pep sq. inch. 

The hydraulic gradient as per above calculations is shown on 
the Longitudinal Section (Plate 2). 

It will be observed that the formation is just below the hydrau- 
lic, gradient upon the hills at Miles -10 and 38 31). 

The main parts o] the Tansa Completion Works Scheme have 
hern as j olio ics ; — 

(1) The raising of Tansa Dam and building a new outlet 

well. 

(2) Construction of the pipe track from Tansa to 1 Sandra and 

from Powai to Ghatkoper. 

(3) Manufac turing of about 81 miles of 72" diameter steel 
pipes; of about 28 miles of 57" steel pipes and about 3 
miles of 00'' steed pipes. 

(I) Transporting and laying of 72" and 5 7 7 twin mains upon 
the formation from Tansa to J Sandra and a 00" single 
main from Powai to Ghatkoper. 

(5) Transporting and laying in trenches two 57" twin mains 
within the island of Rombay. 

(0) Erection of sluice valves, cross connections; air and 
scour valves; expansion joints and other appurtenances 
and construction of anchor blocks, etc. 

(7) Construction of a chlorination plant for disinfection of 
the supply, at Powai. 

t 

(S) Increasing the storage rapacity of the service reservoirs 
in Rombay. 

(b) Pitometer survey of all the trunk mains in Rombay and 
investigations for remodelling the distribution system. 

(1) Ifaisiny of the Tansa Dam. — The maximum section of the 
Tansa Dam, as originally designed is shown on Plate 3. When first 
constructed in l K90 the crest level was brought up to ILL. 410 
T.Il.J). The dam was raised subsequently in 1915 to the ILL. 
419-58 T.H.D. 

Under the Tansa Completion Scheme the crest level has again 
been raised to ILL. 423 T.1I.D. (with spill way at ILL. 420) i.c. two 
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feet below the limit of height to which the dam had been designed; 
the material of the dam being nibble masonry in natural hydraulic 
lime mortar, similar to the original construction. 

A new outlet well has now been constructed to accommodate 
the outlet pipes and screening gear. 

By raising tin* dam tin* hike rapacity lias been brought to about 
33,1)00 million gallons. 

Tin* Tansa catchment area is 33 sq. miles. 

Tin* average run oil from tin* catchment is calculated to have 
been 570" per year, which amounts to an average yearly discharge* 
of 11,100 million gallons from the catchment area. 

Tin* average yearly rainfall at Tansa dam is 01 inches (maximum 
133 inches, minimum 40 inches). 

(l!) Couxtntction of the Pipe Track.- The pipe I rack has been 
prepared of tin* following width at tin* formation level: — 

U/l -7 feet for the twin 72" mains. 

\(t) LS feel for I In* single 00" mains. 

{(■) 25 feet for the twin 57" mains, which has been narrowed 
down to 20 feet across the Baudra creek (where no per- 
manent tram line is laid). 

Bail way track 2' 0" gauge of 25 lbs. rails upon steel sleepers, 
at 3' centres, has been laid alongside for transporting earth, 
materials, pipes, etc., and for inspection purposes. 

The width of the pipe* track has been made* sufficient for placing 
the rails for a goliath crane to span over tin* Irani way line and the 
pipes. 

The length of the pipe track from Tansa to Maliim is 18 miles 
and the length of Ghatkoper branch 3 miles. 

About 85 million cubic feet of earth work has been done in 
excavation and embankments by the contractors, the Tata 
Construction Co. 

The attached photographs show : — 

(1) A cutting through rock, and 

( 2) An embankment prepared for pipe laying about 40' high. 
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Most of tlie cuttings through basalt rock were worked by 
blasting with hand drilling, though in some cases pneumatic drills 
were used with advantage. # 

Generally, all the curves have been laid out to standard railway 
curves of 1,2, 3, etc. degrees for the pipes to be laid in chords 
with bevelled bend plates of the three standard sizes for 1°, 3° and 
5° deflections, the chords being made in suitable lengths to conform 
to the curvature of the track so as not to foul either the tram line 
or the goliath crane track. 

The maximum grade of the track allowed has been 1 in 40. 

Tin* minimum radius of curves has been 250 feet. 


Numerous culverts and several bridges were built to carry pipes 
over creeks, rivers, nullahs, etc. The maximum opening spanned 
over by pipes has been 30 feet (for 57" mains), the length being 
justified by the following calculations for 57" steel pipes 3/8" thick. 


Tensile stress due to interval pressure of 150 
according to Balrow’s formula 


lbs. 

sq. inch. 


is equal f 11100 lbs per sq. inch. 

Safe stress - 15000 lbs per sq. inch. 

15000 11400 - 3000 lbs per sq. inch represents margin for 

additional stress in bending.* 

Maximum stress due to bending 


t\ - 


My 

1 


Where 31 


X 2 

10 


ileuce 

and 


f, - 

X 2 -= 


X J y 

io T 
10 1 1 
? v ’ 


lbs. 

1* - weight <>f pipe (with wafer) - 1240 ye ~ 


Y = 29-25 inch 


Arithmetical sum of stresses is considered in place of geometrical. 
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1 m*t = 1 gross - l rivet holes. 


(D 4 — d 4 ) 

1 = » “04 — 

Number of rivet holes 
I of rivet holes = 2 x 


27820 (inch) 4 

is r * i”) = 82 

( IS- 59) 2 x 11-53 - 7915 (inch) 4 


i net 19875 (inch) 4 

X 2 236800 ; X - 487 inch --- 10 feet, approx. 


As regards rivet shearing, the stress due to internal pressure 


n x 7r d l , f 

/f . 

1 O . 

Where V - 150 x 2551 - 382755 lbs, 

n 82; d = 1" ' ^ * 

e = 10600 lbs. per sq. inch. 

Safe stress - 12000 lbs per sq. inch _ 

12000 - 10600 - 1400 lbs per sq. inch is u margin, for y addi- 
tional stresses. ^ • 


Bridging over south arm of Bassein creek presented a consider* 
able problem in itself, which it is not the intention of the author 
to discuss. The steel bridge constructed by Braith waite and Co., 
Engineers Ltd., consist of 13 spans 138 7 6" between centres of the 
piers. 

The north Bassein bridge consists of 10 spans of 44' between 
centres of piers. 

Both the Bassein creek bridges have provision for laying 
additional 72" main. The pipes are supported by c. i. saddles 
placed at about 14'4" centres. 

The Bandra Creek bridge consists of 6 spans of 34' between 
centres of piers ; the pipes are supported on reinforced concrete 
saddles. 


Concrete piers on both Bassein North and Bandra bridges have 
been done departmentally and the steel work by Braithwaite and 
Co., while remaining bridges and culverts by the Tata Construc- 
tion Co. 
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(3) Manufacturing of the Steel Pipes. 

Design . — (Plate No. 4). All the three sizes (72*, 60" and 57") 
of the pipes used on the work arc made of mild steel Opiates 3/8" 
thick with lap joints, single line of rivets for circumferential joint 
and double rivetted longitudinal joint. Each plate for straight 
pipes is 7'2" long between rivet holes. The pipe strakes are alter 
natively inners and outers, the inside diameter of the inner strakes 
indicating the size of t lie pipes : 3/4" rivets have been used through- 
out with 1’ j " pitch, approximately, and 1J" minimum distance from 
the edge. 

All plate edges are bevelled to an angle of 70°, suitable for 
caulking. Corners of the plates are machine scarfed for a distance 
of 2y from edge for entering the pipes at the joints. 

Specials — For curved portions bevelled plates have been used 
of standardized sizes for 1, 3 and 5 degrees deviation, about 2' 
long on the centre line of the tube formed, giving minimum radius 
of about 21' (for 5° bend). 

Expansion joints have been formed with 3'6" overlap as shown 
on the drawing. 

Taper reducing pieces have been formed with two horizontal 
double rivetted butt joints. 

Branches for air and scour valves and for cross connections 
have been made of the two halves joined by rivetted butt straps 
and the joints lm\e been welded by acetylene llaine. 

The complete manufacture of plates including drilling of rivet 
holes and scarting of edges was carried out in the Redear Works 
of Messrs. Dorman Long and Co., near Middlesborough, and the 
plates were shipped flat to Bombay, which effected a net saving 
estimated at Rs. 30 lakhs, as the ocean freight has been reduced to 
one -fifth of that of shipping tubes. 

Manufacturing of the pipes from the plates has been done in the 
Mulund factory of Messrs. Braithwaite and Co. The factory is 
situated near Mulund Station of G. I. P. Railway and connected 
with the main line by a broad gauge siding. 

The workshop consists of five bays 75 feet span each. The 
railway siding runs through the central covered bay, which has 
been served by four 6 tons electrically operated magnet cranes used 
for lifting the flat plates from the railway tracks and stacking 
them on both sides of the track. On both the sides of the railway 



PROKOF1EFF ON WATER SUPPLY OF BOMBAY. 89 


track within the two also covered bays are placed four electrically 
driven plate rolls, each operated by a 50 B. H. P. motor. 

These rolls were specially designed for the job; the upper roll 
can be lifted or lowered by power and adjusted to very close limits 
to ensure correct curvatnre. 

The edges of the rolled plates were bolted together and the 
cylinders formed taken by overhead cranes for ri vetting which was 
done on hydraulic, rivet! ers with an 8'6" gap, exerting a pressure 
of 00 tons on a fi vet. During rivetting the pipes were supported 
on turning cradles, hand operated, travelling on rail tracks. 

The pipes were assembled, generally, in eight strakes of 57'4* 
long. As pipes left the rivetters they were mounted upon the 
rotating stallages within the two outside unroofed bays for 
caulking (inside and outside), all the caulking having been done by 
pneumatic hammers working at 95 lbs. pressure. 

After caulking the pipes were painted with bitumastic paint 
(Bowranite). It would be of interest to mention that painting with 
pneumatic sprayers was found affecting workmen’s eyes and lungs 
>erv seriously and was substituted by hand painting. 

The caulking bays were provided with two overhead cranes of 
10 ton each for handling the pipes after painting, turning them and 
loading on the bogies which run upon 2' t>" rail track laid on the 
outside. From here the pipes were marshalled into trains usually 
of 8 pipes 57 '4" each ready for transport to the field by steam 
locos. 

The power for the factory has been provided by three 
high speed Beilis and Moreom Engines direct coupled to d.c. 
generators, the total output being 800 H.-P. All the machinery of 
the factory was driven electrically. Two air compressors each of 
550 cubic feet of air per minute capacity supplied air into a receiver 
fi-om which air was distributed in the workshop by a ring main. 
Three pumps delivered together 130 gallons of water per minute 
under 1,500 lbs. per sq. inch into a hydraulic ring main. 

U) Transporting and laying of the steel mains from Tanm to 
Malum and on Powai-Ghatkopcr Branch . 

The trains of pipes were carried along the 2'6" railway already 
prepared upon the pipe track to the erecting stations. As the 
pipes were scut to the field in 8 strakes lengths, only one annular 
joint out of eight was rivetted in the field. 

Travelling on rails goliath derricks spanning over the pipe track 
and railway line were equipped with 20 tons travelling cranes, all 
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movements hand operated. The cranes unloaded the pipes from the 
trains at the erecting stations, traversed them into position and 
suspended the pipes for assembling. 

The easiest way for joining a pipe to one already laid was found 
to be by placing the outer strake of the pipe — suspended by chain 
slung near the centre of the pipe — over the inner ; then by lowering 
until the top hole of the outer matched the top hole of the inner. 
The free end of the suspended pipe was held a little higher and the 
topmost rivet hole was engaged with a pointed bar passing through 
the topmost rivet hole of the pipe already laid. The free end- of the 
pipe was then slowly lowered, the weight of the pipe forcing it over 
the inner strake of the pipe laid. 

Rivelting and caulking were done by pneumatic tools. 
Portable air compressors of 180 cubic feet of air per minute capacity 
were steam driven at the beginning ; a complete outfit was mounted 
on a steel platform placed on top of the pipes already laid ; the out 
fit was moved by the goliath crane, as work proceeded. 

This arrangement was, however, found unsatisfactory as the 
weight of the sets caused the pipes to oscillate considerably; the 
sets were cumbersome (weight about 12 tons) and much time had to 
be occupied for moving them forward. These sets have therefore 
been replaced by the compressors of similar capacity direct coupled 
to semi-diesel engines or by the sets kerosene oil driven, the whole 
outfit being mounted on a carriage to run on 2' 6" tram line. 

The rivets were inserted from inside and kept by a holder 
supported across inside the pipe, while rivet driving was done from 
outside. 

The joints were caulked both from inside and outside. 

Field joints were then examined by municipal inspectors. 
Hydraulic test was done to a completed section of pipes and all 
visible leaks have then been made tight. No allowable leakage was 
specified. 

Field joints were then painted over as well as the top portiou 
of the pipes outside, which had been left unpainted in the shop for 
weather to remove mill scale from the plates. 

Rate of progress . — The double line of 72" pipes, 41 miles long, 
i.e., 82 miles of piping have been manufactured and laid in 1(5 
working months, an average of over 5 miles per month. 

Maximum monthly progress of laying and rivetting in the field 
of 72" pipes was 11 miles. Maximum length fabricated at Mulund 
and transported was 6 miles of 72" pipes in one month. 
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(4) Work in Bombay Island. Trenching, transporting and 
laying of the steel pipes in Bombay Island. 

Design . — Detailed survey and enquiries were made as to the 
position and dimensions of the underground services existing and 
proposed along the Tansa route. The top of the new steel mains 
was generally appointed 6 feet below the road surface to provide 
sufficient room for passage of house connections to drains. At 
roads and underground services crossings the Tansa Mains were 
carried deeper, underneath the services (maximum depth reached 
was 20 feet), using standard bend plates, chiefly 5°, for drooping 
and rising curves. 

In crossing over a large double barrel concrete drain the 57’ 
mains were left exposed, having an expansion joint in the middle 
as shown on the drawing (Plate 5). 


Unbalanced pressure P, 2 P Sin where 

l : (internal pressure) - 150 * 2551 -- 382755 lbs. 
I\ - ! 19400 lbs. 

K P, x Cos 7° 30' - 98400 lbs. 


Weight of pipe with water 1240 x 39 5 - 18950 lbs. 

.Moment M - 99400 x J4 48950 x 19 75 = 405 000 lbs. ft. 
Additional stress due to M 


Mv lbs - 

1 = -f = STiufh. 


, , lbs. 

Tension due to internal pressure 1 of 150 . — 

sq. inch. 

11400 lbs per sq. inch. 

Shearing stress on rivets due to internal pressure 
382755 

82~x n (i) - - 10(100 ~ 

— sq. inch. 

Tlie total tensile stress 

11400 + 7040 - 18500 


lbs. 


sq. inch. 

Trial shearing stress on rivets is found to exceed 
lbs. 


12000 


sq. inclT 
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Therefore, to counteract the unbalanced pressure, the pipes 
have been anchored to the body of the concrete drain underneath. 
A photograph illustrates the work at this crossing. # 

Horizontal curves followed naturally the curvature of road 
and were formed generally as already described under “ The 
construction of the pipe track”; several sharp curves were made 
entirely of bend plates, without intervening chords, the minimum 
radius being LT lor curves made of 5 degrees deviation bends; 
the biggest defied ion reached SS°. 

No provision for additional protection of pipes laid under 
ground against corrosion or for additional strength were generally 
made. Put concrete jackctling was resorted to at tin* crossings of 
underground services or open drains. After some experimenting a 
section of concrete was adopted as shown on flic drawing (Elate a). 

The pipes were 4 transported !o Bombay island in trains along 
tin* 2' (>" railway line as far into the town as was found possible for 
the line* to 1 m* laid and loeos to be used. The pipes brought were 
made chidly in <> slrakes, /.r., 1)>' long and often in F strakes and 
even slrak(*s. At the* terminus of the tram line*, a large* siiaee* was 
provided for stacking tla* pipes. From this point ihe pipes were 
transported further on trailers by 2 Ion Fordson tractors. 

Fnloading ol pipe*s Irom the* rail tracks and loading upon the 
trailers in (lie store* yard was done* by rolling upon inclined pieces 
of limber. \Vhe*rc the* railway line was laid alongside the* trench 
the pipes were* unloaded from the* train by a goliath crane and 
lowered into the* trench. Some* of the pipe*s were rolled into the* 
treuiclics from the* sloped side*, con t red ling the jnove l ine*nl by a rope. 

The* trenches were made it fe*e< wiele, giving U" ch*arauee* on 
both sides, sullieient, tor 1imbe*r shoring. Where* the concrete* jacke- 
ting was appointed the trenchers were* cut l."> feet wide and mote* 
when ne*e e*ssa ry. The seeliem adopted for tre*Jie*he*s exceeding 1 3 feet 
in eh pth is shown on Plate* o. 

Estimateel ejuant ity of surplus earth was removed from the top 
portion of the* lre*nehes by lipping w agents along the* tram line or by 
motor leuTies where no tram line* was laid. 

The side*s e>f the* trendies were sheeted whenever necessary, the 
sizes of limber as per general insl ructions for shoring being: 

(a) Vertical planks 2 y or 3* driven 2' into the* ground. 

(Ip Waling plates 8" x fi". 

(O Struts 8" x 6". 
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For driving tlie planks a 1 cwt. wooden hammer was used slid- 
ing upon an iron bar lixed 1 o a rap placed oven* Iho top of the plank, 

I hr hammer being lifted either by hand or by a rope* passed through 
n pulley lixed to the mane overhead. 

For concreting around the pipes the instructions were to pre 
pare* «' wide concrete* walls a I, usually, two si rakes distances, 
previous to lowering the pipe*s and to complete tin* concreting 
around after the pipes were assembled, rivet ted and canlked. 
rircumstances excluded tin* possibility of charging the pipes with 
water under pressure before* concreting around, to ensure* a regular 
cylindrical shape of the* pipes. 

Assembling of the pipes was done* with the help of derrick 
cranes of IS to L\~» feel span, on wheels, hand-operated and equipped 
with 5 or 10 tons chain blocks- -in very much tin* same* way as 
described under laying of pipes outside* Eombav. 

Tin* rivet ling and caulking equipment consisted of portable 
gasoline driven Ingersoll Ratal's air compressors of 00 and lf>0 c. ft. 
of air per minute capacity, delivering air at 100 lbs. pressure, 
with armoured air distributing hoses. 

Jh'-initrrhty of Trenches. l.olb during excavation and pipe 
laying pumping out of water was necessary when the trenches ox* 
tended be*lo\v subsoil water level or in cases of trenches flooded by 
rain water or from damaged water mains and sewer drains. 
Several types of small pumps were used by the contractors, in some* 
cases use* was made* of the Fordsem's 1 factor engine*. In other 
cases a powerful municipal 0" centrifugal pump was used and once* 
a lire* engine was milled upon for quick <1c-natcrintf of a deep 
trench. 

Trench Kcfillinfj.- - \$ already mentioned circumstances pre* 
cluel(*el charging the* newly laid mains with water. Therefore no 
hydraulic.* test eon lei have been made. After examination of pipes 
by municipal inspector and painting over the joints the refilling 
began, the instructions demanding plentiful watering and ramming 
of the refill. In consequence of a, careless refilling the pipes 
oscillated to the extent of over 2J" distortion of the horizontal 
diameter, as was found in the inspection pits. 

Observations were made on the effect of passing a 15-ton road 
roller over the trenches with G feet earth filling over the pipes, after 
a thorough consolidation : no perceptible deformation was observed, 

lbs 

Hie earth load being 417 — and the load from the roller only 

so. inch 4 
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0 43 --- ' (assuming transmission of load through earth Oiling at 
sq. inch 

45° ), i.c. f only 10 \H*r rent of the former. r IHie total load 
lbs 

- 1 17-+0I3 - 4 00 — . According to Love's formula collap 

sq. inch. 

hi hie load for thin steel tubes 


45340800 


f \ 3 lbs. 


sq. inch 


(i>) 


In our case P = 13 03 


lbs. 


sq. inch 


and safe 


i i f* i ... lbs. 
load— = 4 31 ; — 

3 sq. inch 


Special Work *. — Numerous underground and surface services 
required either supporting or divertion or modification, as well as 
roads affected required divertion and maintenance ; passages were 
to be provided over the trenches for foot and vehicular traffic, etc. 
Two large open drains were crossed underneath. In case of one the 
flow was carried over the Tansa trench through a 57'’ pipe laid 
upon the bottom of the drain. In another case the flow <\vas 
temporarily diverted. Large c. i. water pipes had to be supported 
by masonry pillars. Several storm water drains were syphoned 
underneath the Tansa Mains, lligh tension electric cables were 
slung by ropes or wires to heavy sect ion rails or even to a cable 
stretched over the trench and anchored on its sides. 


Kate of progress , dependant on the conditions, was from 500 
feet of double pipe line laid in a week in trenches without shoring 
to 85 feet and even considerably less in deep trenches heavily 
shored and with plenty of water to be pumped out. 

The work was suspended for the monsoon. The empty pipes 
laid had to be loaded over to prevent their floating. On one 
occasion the pipes floated due to heavy rain which flooded the site 
to the extent of fully submerging the pipes, the earth cover having 
being made from 2" to 1' 6". 

* The upward pressure of water acting upon fully submerged 57" 
pipe being (for foot run) 

16 (area) * 62 4-250 (weight of Pipe) = 750 lbs. 

the depth of earth cover sufficient to withstand the upward pressure, 
assuming 3ft. as the width between the lines of rupture, would be 

7Rn 

x “ iTioo = ***■ °PP r “' 



PKOKOFIEFF ON WATER tfEEELY OF BOMBAY. 


95 


(dj Erection of sluice calves, cross connections , air and 
scour valves, expansion joints and other appurtenances 
and construction of anchor blocks } etc . 

Head regulating valves of 18" diameter are installed outside tli< fc 
nutlet well at Tansa lake. These valves are hydraulically operat- 
ed. The remaining stop valves on the whole line are of 59 ins., those 
which are likely to be often used are provided with hydraulic 1 
cylinders. The valves are connected to the mains by taper reducing 
pieces of 50° taper on the upstream side and 5° on the downstream. 
The size of valves adopted for cross connections is 24 ins. diameter. 
Scour valves mostly of 12 ins. diameter are provided for draining 
the water out of the mains. The sluice valves on the inlet and out- 
let pipes at Malabar Mill reservoir (in use four times a day) were 
provided with individual electric motors with automatic cut off 
switches. 

Automatic* air valves of double 1 types, mostly of 8" ins. 
diameter are lived at tin* summits over stop valves of the same size. 

Manholes of 11 ins. diameter are provided along the mains for 
the purpose of inspection and repairs. All “dipps v in Bombay are 
provided with manholes for possibility of pumping out. water from 
t he mains where there are no drains available at a lower elevation. 

All, the valves and manholes placed underground are provided 
with chambers suitable* for handling the valves and inspection. 

/'> pension joints at every 1 ,000 feet have* been inserted in the 
pipes laid exposed to relieve the metal from temperature stresses, 
as shown on the drawing (Elate I). For the temperature varying 
in the year from f>0° to 1 10° F. and the coefficient of linear expan 
•sum 000007 per degree Fahrenheit , the elongation for 1,000 feet of 
pipe will reach 

a <1 000007 x 00 x IftOOx 12~-7£ ins. 

The hip provided is 5 ft. 0 ins. 

The temperature stress will rearh 
R - 000007 K 1, 

lbs 

where 10 modulus of elasticity - 110,000,000 — 

ISq. inch 

lbs 

S - 000007 x 30000000 x 00-18000 --- — * — j~ 

Sq. inch 

lbs. 

exceeding the safe stress assumed at 15000 — ~ — r- 

Sn. inch 



96 THE INSTITUTION OF ENGINEERS (INDIA). 


In the underground pipe line in Bombay the expansion joints 
were used with advantage for joining at the meeting points of pipes 
laid by two stations to till up the odd length of a gap, no matter if 
the lines of longitudinal rivet holes did not coincide. 

To free the stop valves on the line from the stresses set by tern 
perature in the pipes, expansion joints have been tixed on both 
sides of the valves beyond the reducing taper pieces; this also re- 
lieved the c.i. cross connection pipes and valves from being strained 
on account of temperature movement in the steel mains. Packing 
the glands of the expansion joints with hemp or jute libre or with 
lead wool was found unsatisfactory and the joints have been made 
by tirst caulking into the gland a ring of \ in. lead piping, then yarn 
packing and again another ring of lead piping. 

The expansion joints are found leaking perceptibly and alter 
repeated tightening of the gland the angle rings get bent, which 
indicates weakness of the angle section. 

For Fixing the stop valves rigidly in their position heavy rein- 
forced concrete anchorages have been constructed. Two pairs ol 
angle iron rings are rivetted on the strake next to the tapers and 
holes drilled in the rings to receive the reinforcing bars. 

The whole structure is through-shaped of oil ft. long (for the 
twin 72 ins. main), and 20 ft. wide tilled with heavy stone Idling 
to provide sutlicient weight to resist sliding under maximum thrust 
which equals 

7 r d 2 lbs . 

2 X— r- X 150 r— r = 2 x 2 TO = 540 tons. 

4 sq. inch 

Assuming coefficient of friction at 0.5, the necessary weight would 
be 

540 1 ~ 0 5 - 1,080 tons. 

Overturning moment 

540 L x 8 = 4,320 ton*feet, while resisting moment 1,080 x 27 6 
-21,350 ton-feet. 

The front walls have double reinforcement of double line of 
l ars at each angle iron ring and were considered in the calculations 
as cantilevers resisting a bending moment equal. 

510 x 3 = 1,620 ton-feet 

The bottom plate is made safe to resist compression and 
I tending. The side walls are calculated to withstand the thrust of 
the filling inside. 
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The twin 57 ins. mains are passing underneath the Railway 
bridge at Bandra Creek upon a rubble bank affected by tidal waters 
to the extent of partial submerging the pipes by 2 80 feet from the 
formation, at high tide. 

The pipes have been anchored down by irou straps of 3 insxl in. 
section, fixed in the reinforced concrete blocks constructed at 4 
strakes intervals. 


With area of water displaced at high tide equal tft sq. feet for 
each pipe and the weight of 1 foot of empty pipe equal about 250 
lbs., the upwards pressure equals 


024 - 250 = 374 lbs per foot run. 




The weight of the blocks (in waterj^i/s to wi'tbstaiHl the upward 
pressure exerted upon the pipes. jO '-v- ' 


o 


The importance of air valves providftfg fhe passage for the air, 
was accentuated on one occasion when an isolated section of TS^hs. 
main was being emptied. An 8 ins. air valve.had been shut-off by 
workmen and vacuum formed in the main resulting -in the pipe 
collapsing. ■ . . 

The angle ring of the nearest expansion joint berip^J^^fnan 
the inner strake thus forming a passage for the air and p^’cWing 
(lie collapse from further extension. ^ 


No rupture of the steel plates or rivet shearing or distortion 
were caused. The 0 ft. pipe was flattened to an average height of 
87.^ ins., the height of only 61 ins. having been observed near the air 
valve. 


After jacking the collapsed expansion joint and admitting 
water into the pipe under pressure, the pipe assumed under 40 lbs. 
per sq. inch circular shape, though not altogether to the extent of a 
perfect cylinder. 

(7) Construction of Chlorination Plant for disinfection of 
the Tansa Water Supply. 

The Tansa water, though generally of very good quality, be* 
comes turbid during the monsoon and is found to contain disease- 
forming bacteria of which b.coli contents is accepted as indicating 
a degree of contamination. The bacterial contents as found in 
raw Tansa water by analyses in Municipal laboratory averages in 
minimum number of 01 c.c. containing b. coli (Houston’s), while 
strict specifications insist on total absence. 



!>N THE INSTITUTION OF ENCiNEEKK (INDIA). 


In view of turbidity disinfection alone cannot be considered as 
absolutely rendering Avater safe. TJie experts whose advice Avas 
obtained opined in desirability of filtration of Tansa Avator. 

The lilter installation is however postponed. In the meantime 
gravity rapid sand li Iters on the Paterson system are being cons- 
tructed and experimented with for treatment of Avater from other 
Municipal lakes. 

To safeguard the purity of Tansa water a( present, in addition 
lo protecting the Tansa catchment area, a chlorination plant a! 
Fowai has been constructed by Paterson Engineering Co. capable 
of treating the whole* supply of !H) million gallons per day 
with liquid chlorine for varied dosages up to about 1.1 part 
per million parts of water, according to ‘'chlorine demand” of 
Avater to lx* ascertained by residual chlorine tests. The plant is 
arranged for independent chlorine supply and control for each <>f 
the two water mains. Two pairs of Paterson’s Manometer type 
cliloronomes Avith maximum capacity of 25 lbs. of chlorine per hour 
have been installed. Eight weighing machines of 12 cav(. capacity 
each are provided for checking the Avcight of chlorine consumed. 
Chlorine is led from the ehloronomes through acid seals to the 
absorption towers to be dissolved by water and the solution enters 
the underground tanks (t,Avo) from which the solution is pumped 
into the mains. 

The site of the plant chosen for convenient management has 
elevation of 105 T.II.D., about 180 feet below the hydraulic gra- 
dient, and 255 feet below maximum Tansa static pressure. 3 ins. 
Durion, chlorine resisting pumps are provided capable each of 3,000 
gallons per hour delivery against maximum head of 220 feet through 
chlorine resisting alcumite piping and vahes into the mains, tin* 
solution being discharged through nozzles of the diffusers into 
21 ins. diameter enamelled iron tubes about 50 feet long fixed inside 
tbe mains to prevent chlorine attacking the steel mains and filled 
with bailies to promote thorough mixing. 

Two Cole’s recording pitometers with maximum capacity of 
2.3 million gallons per hour each are, installed to indicate the 
changeable rates of flow in the mains. The power for the whole 
plant is provided by one of the two installed Fetter’s mule oil 
18/21 IUF.P. engines. 

(S) / Hcrcaxintf the SI ora <f( Capacity of the Service Rcsemwirs 
in Bombay. 

The north part, of the Bombay Island is supplied by Avater 
directly from the supply mains, Avhich mains extend further south 
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•Hid terminate at the two reservoirs: (1) Malabar Hill Reservoir 
;( ikI (2) Bhandanvada. Reservoir; from which the south part of 
I |h» Island derives its supply- Thus, the two reservoirs could be 
termed both balancing and storage reservoirs. 

At I he outset of the Tansa Completion Works the supply was 
intermittent, being available for certain number of hours jji the 
morning and in the evening during the time of maximum demand. 
Cor lire extinguishing purposes the reservoirs were never allowed 
to he entirely emptied. 

Till the year 1922 the storage capacities were: 

(l) Malabar Hill Reservoir — 24 million gallons; 
and (2) Blumdarwada Reservoir— 1 1J million gallons. 

Total ooi million gallons. 


As i he total daily supply determinated by the Pitonictcr Sur- 
vey was at the time about. II million gallons, the u\ailablc storage 
represented 

1()U - St). 1 , "t, of the dailv supply. 

11 “ ' 

With the increased supply of 90 million gallons per day the 
storage available would equal a. little over ?. of the supply. 

To increase the inadequate storage accommodation the re- 
servoirs have been enlarged to hold : 

(J> Malabar Hill -9} million gallons. 

(2) Bliamlarwnda 20/ million gallons. 


Total o() million gallons. 


A third reservoir of 0 million gallons capacity has been 
designed at Sion Hill and proposals made for a large storage 
reservoir of about 230 million gallons capacity at Gliatkopcr* 

The work of increasing the storage of Malabar Hill and 
Rhaudarwada reservoirs had followed one another and the con- 
structional features were somewhat similar. The concrete cover- 
ing comprises concrete vaulting of about 10 feet span, 4" at crown 
and 5" at skew-backs, supported on concrete spandril walls, 8" 
thick resting upon 15**16* concrete arches of about 20 feet span, 
supported on concrete pillars. At Bh&ndarwada, large number of 
bricks from the old filters being available, some of the supporting 
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arches of 18 feet span are of brick 18"xl8". Vaulting over larger 
(20 feet) spans at Bhandanvada is of reinforced concrete 6" at 
crown and 0" at skew-backs, the thickness of spandril walls and 
section of supporting arches are suitably increasecf. 

Cracks across the concrete vaulting at Malabar Hill have 
formed. Therefore the construction at Bhandanvada has been 
improved upon by providing expansion joints every 10 feet, filled 
with asphalt of suitable degree of penetration. 

Haunches of the vaulting have been sloped and drains provided 
therein. The roofing has been covered with earth and public 
gardens laid upon the reservoirs. 

(9) Pitomctcr Survey of the Trunk Mains in Bombay and 
Investigations for Remodelling of the Distribution 

System. 

The Pitometer Survey extended over six months and embraced 
all supply and distributing mains over 12" diameter up to 48", 
number of stations being 64. 


The Pitometers in course of the survey were tested against 
Venturi meter’s readings and the results are shown in the follow 
ing tyble : 


Rate of flow in gallons • 


Water Main 

per hour. 

By | By 1 

| Ventury j Pitometer 

Difference 
in % 

j Velocity of 
j water ; feet 
: per second. 

Vehar 24" .. 

192000 

194000 

1% 

2.82 

Vehar 32" . . 

246500 

249200 

1 . 1 % 

2.00 

Tansa 48'' New 

7930 00 

792000 

— 0 . 13 % 

2.81 

Tulsi 24" 

177000 

180750 

2 . 1 % 

2.62 


Note. — The Venturi meters readings have been taken fi*om 
diagrams; the Pitometer results were calculated from the deflec- 
tions of liquid in a (T-tube by formula. 

V = C V2g D(x-l). 

The above results speak well for the. Pitometer. It will be 
observed that the velocities were between 2 & 3 feet per second. 
There was no opportunity to test the accuracy with lower velocities. 
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The Fitometer recording instruments gave accurate results, as 
compared with calculations based on manometer readings, for velo- 
cities over 1.5 feet per second. Below that value, the recorders 
showed errors on the slow side, reaching in one case 70% of error 
for a velocity of 0.5 feet per second. 

The Fitometer survey gave to the Bombay Water Department, 
necessary information, lacking before, for drawing up a balance 
sheet of water supplied, distributed and consumed, as shown in 
the table. 

Water consumption per capita was found equal to 37 3 gallons. 
The domestic overage daily consumption per capita equalled 28 ; 7 
gallons. 

The domestic consumption in different wards was found as 
follows : — 

Ward. Domestic consumption 

per head, per day. f 

A 54 9 gallons. 

B, C, D, E, F together 29-3 gallons. 

Q 14 4 gallons. 

The striking difference in consumption of water between A 
and G wards depends to a certain extent on the standard of 
living and on the presence of large transient population in A* ward 
coming there for daily work. But it should partly be explained 
by waste of water in consequence of the supply being intermittent 
in A ward, while the supply in G ward was constant. 



BALANCE SHEET OF WATER SUPPLIED, DISTRIBUTED AND CONSUMED IN 19& 

IN MILLION GALLONS PER DAY. 
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TIh> I’i tomtit^ observations ^ovided information of gjgg|t 
interest on the conditusH of (be water mains as i(*ga l rdft%icrea«e pf 
vy*nslnrfl»to How with jounced age of pipes. , w 


Selecting Tnl Ion’s formula (See Ph. Parker, Control of;JB?utcr ; 
page 127). 

v = Cj Y “Vy§„ 

where 13, = .158 for new e. i. pipes, 

120 ,, old, cleaned, Angus Smith coated. 

87 „ slightly tuber eulated or with mud deposit 
= ‘30 ,, heavily . tubereula tod*, 
the following values of the coeflicient were found : 

Alains Age* Coeflicient C, 

Tu Ini 2-1" 45 years DO 

Vehar 21" 37 „ 110 


An opportunity presented itself to compare different formulas 
lor discharge, during the survey on the Tulsi 2-1" Main, the result 
<>l working out the roellicients at two rales of How being : 

V S 

Velocity Hydraulic 

f«*e I per Sec. gradient. 

31)5 00 ns 

. 2 80 0020 

Note,- William Hagen's formula 'runs thus (Trautwine) 

V = C x y 06 -’ S c54 x 0001 ' U04 . 

At the time of writing this pa[»er, the supply is considerably 
increased as’ compared with that of the year 1922 and it has almost 
approached a constant supply, which, it is expected, will be in- 
troduced iu its entirety as soon as the new mains are cotfijpjggiieJy 
laid and expected to the existing mains in Bombay. 

With further necessary additions and alterations in the dis- 
tribution system it is proposed to insure a daily supply of 50 
gallons per capita, throughout, the town, with distributing mains 
< a li|#le oi^gharging the supply within a period of 8 hours (thus 
lirtjgjfling m&||uin consumption) with a head of not less than 
70 IsPt above ytiaBraund f$||d also capable of discharging 500 o. ft. 
per rafgjflfa at IMfrj on, ib| 10 feet above the ground for fire 


0 , 

Tut ton’s 
Coellie. 

890 
90:1 ‘ 


Cx 

Ilazen’s 

Coellie. 

82- « 

81 5 


n 

Rutger’s 

Coefficient., 
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c,\ til i flushing pu rjH >scs. The proposed remodelling of the dis 
Iribuiiou systeiri will, it is expected, result in ;m entirely iulerlae- 
mg system for lull, security <>! supply, with d i At incf* supply 
distrirls ensuring efficient cwifrol over distrilmi ion, divided into 
conveuiem meter distrirls for wash* prevention purposes. 


The whole work ol ilu* Scheme lias been carried out lo the 
design and under t he supers ision of Mr. II. J. Trivcss Smith, 
M. 1. (\ 10., M. I. M. 10., Special lOngiueer, Tansa Completion 
Dorics, Mr. VV. A. 'Niven, A. M. I. <\ 10., M. I. 10. (Ind.j being al 
t*he lime Municipal Hydraulic lOngiueer. 


The author’s thanks are due lo Mr. A. \V. Sionebridge, 
A. M. i. 0. 10., who has\‘issumed the charge of I he work on ,JVt£y, 
II. -I. T. Smilh’s departure 1 from India, for rendering assistance* in 
preparing l his paper. 

. The < 'onlraelors for I he inanu fact lire and laving of tfie sleet 
,'liMns have been Messrs. I>i ail hs\ aile and To., lOugineei s, Limited, 
lOugland, and for the preparation of the pipe track Messrs. The 
'fata ( ’oust i net ion Co., Limited, llombay. 


The eosl of tin* completed scheme is approaching Ks. ,V> erores, 
of wliieli about I vs. I note represents the cost of I lie* pipe track and 
about Ks. d J , erores tliat of (lie steel mains. 
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Pipe Laying Outside Bombay Island. 




Plate No. 






Plate No. 


PROKOFIEFF ON WATER SUPPLY OF BOMBAY. 





^AXiMUW PRESSURE 125-12 L&S 



PROKOFIEFF on WATER 


SUPPLY of BOMBAY. 

Plate No. A. 


DETAIL OF 5' BENDS FOR 57" P' PE 
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Plate No. 4.— (Contd.) 
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Plate No 4. — (Contd.) 




DETAILS OF EXPANSION JOINT FOR 12 PIPE 




A CROSSING OVER A DOUBLE BARREL DRAIN 
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Plate No. 5. 




CONCRETE JACKETT1NG 
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DISCUSSION ON 
THE TANSA WORKS. 


Mr. A\ M. Kirkhope . — I think the author is to he congratulat- 
ed on the presentation of a paper, full of interest and of much 
practical value to engineers contemplating or engaged in similar 
schemes. It is so full that it leaves little room for discussion. I, 
however, consulted this paper in connection with the problem of 
supply of pipes in which the engineer specified plates of boiler 
quality but failed to liml the quality of plates used on tin* Tansa 
scheme specified though 1 imagine they are of A class steel such 
as are used in bridge construction though to minimize* rusting 
ingot iron plates are being used by the same contractors else* where. 
1 may say boiler plates were not supplied in (In* scheme mentioned, 
the engineer having to be content with something cheaper. I have 
had an opportunity of visiting this project, starting in the works 
of Messrs, llraithwaite at Muland where pipes were manufac- 
tured and after having seen the manufacture of these 1 proceeded 
along the pipeline to Hussein (heck and on to the bridge there. I 
was very much struck with the excellence of the work and with 
the excellence of the arrangements for carrying it out. 1 think it 
will generally be* admitted as a tribute to the* remarkable accuracy 
of modern fabrication methods that the plates should have conn* 
out from (treat Rritain fully drilled and scarfed, and that on 
being rolled into circular shape all the holes should have come 
together accurately. 

Tin* shipping of the* plates flat was in this case* done* to save 
freight but under present conditions of tariff it would have been 
necessary to ship the plates uudrillcd and unfabricated in any 
way to save the high customs charges on fabricated steel. T 
think it is certain that it would have been cheaper to drill holes 
in India under present tariff charges than to have imported plates 
ready drilled. 

Further the enterprise of the contractors in establishing a 
pipe making works has resulted in an additional bridge works being 
established in India on the nucleus of the pipe works. 

I notice that painting in the lield was done after mill scale 
had dropped off and T think this very sound. In steelwork con- 
tracts generally it is usual to specify that at least one or even two 
coats of paint should be applied in the works and in the case of 
imported steeFjjprk it is usually found that most of this paint has 
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dropped off before the fabricated steel has reached site of works. 
In some cases, tendering firms have actually quoted lower rates it* 
permitted to paint steel work after arrival at site, owing to the 
hiet rhat they have in any case to repaint after arrival due to the 
damage done on route. It would probably he advisable in all 
rases to paint after arrival at site and give every opportunity for 
mill scale to ln> knocked off during transit and by the rusting 
which takes place during the sea voyage. 

The expansion joints provided seem to be numerous and fairly 
long. It would be interesting if the author could state what 
movement has actually been found at these joints. This is always 
:i problem in long supply pipes in India where temperature 
ra ages are great, in some cases being more than double what they 
.1 re in Bombay. 

It is interesting to note the very heavy consumption of water 
in A ward and tin* small consumption in (1 ward and the author's 
note that, “whereas the supply was intermittent in A ward, it was 
constant in G ward.” 11 lias often occurred to me that the action 
taken when there is shortage of water by municipalities and others 
lias tended rather to accentuate the shortage than to relieve it, for 
when the water supply is intermittent large quantities are stored 
and thrown away when the fresh supply conies on. 

Again I would thank the author for his most excellent paper. 

Mr. d . (} . Khun . — With reference to Mr. fvirkhope’s remarks 
regarding the advisability of painting steel work after arrival nr 
site, instead of before despatch, he could not agree entirely with 
fids opinion, as he considered it most necessary to paint ste|jjl work 
before despatch, with at least one priming coat. Mr. Kirkhope 
explained that the point he particularly wished to make in this 
connection was that it was no use painting steel work which had 
not lost its mill scale, as the latter, together with the paint on it, 
was hound to drop off eventually and the money spent on painting 
must, therefore be wasted. 

Mr. T. A. 1\ Fit on r . — Also drew attention to the fact that no 
mention had been made in the Paper regarding the precautions, if 
nny, that had been taken to ensure that the pipe line would not 
be damaged by the high pressures that might be caused bv stop- 
long the flow of water. He said that he had made some calcula- 
tions of the pressures that would be developed by the closing of a 
sluice value in various times, using the formula — 

P r m x f = Z x f, where f = — — 

S t 

nml found that, if the sluice valve was completely xlosed in 10 
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seconds, the muiltiug pressure would }>c about 000 lbs. per sq. 
inch and that, even it the Hosing ot* the sluice valve took l\ 
minutes, the resulting pressure would be about 50 Lbs? per sq. 
inch. 

Uai Hahutlur l. A amhi. Mr. Hrokolietf’s papers deals with a 
subject of great importance to a Hydraulic Engineer and the bold 
manner in which the "whole scheme has been executed collects Hie 
greatest possible credit on the Engineers responsible 1 for designing 
and executing the same. 

I was fortunate enough last year, when attending the Annual 
Session of the Institution, held in Bombay to go round some por 
tions of this stupendous scheme in company with Air. Stone 
Bridge. Air. J’rokofieff also was kind enough to show me the work 
oi pipe* laying within the city of Bombay, which was a highly 
laborious task requiring great care and forethought in view of 
traiiic conditions and the numerous underground and surface 
services, which (‘it her crossed or coincided with the pipe align 
incuts. 

The table on page 2 is very instruct ive and useful. The rate 
“1 increase of population in Bomba> as deduced from the figures 
°! I DO 1 and 102b works out to 2 b per cent per annum --rate 1 of 
increase in Lahore is 1*7 per cent per annum 

Hate ol consumption in 102b went up to 50 gallons per head 
per diem and the total daily demand stood at bit million gallons. 

-Now (lu* water supply from Bombay is derived from three 
sources namely : — 

1. Tulsi Lake 

2. Vehar 

•>. Tansa ,, 

The lirst two are ordinarily capable 1 of giving a> daily supply 
:»i 14 million gallons and the Tansa Lake supply would now give 
00 million gallons. 

According to the consumption figures ol' 1920, there is thus a 
iesrt\e ol -II million gallons in the Tansa Supply for meeting tin* 
increased demand in the future*. This reserve would be fully 
utilized during the next 25 years, provided the rate of increase ol 
population remains the same as during the past 25 years and the 
daily consumption per capita does not exceed 50 gallons. 

There is no mention in this paper, however, as to whether 
house connections and private supplies in Bombay are metered 
or not 
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The ii umber of house connections in 1020, was :>1,80S and (he 
people dependent on a single connection being 1 to 5, this accounts 
lor a population of II lakhs nearly. Experience in Bengal and the 
Punjab shows that where the supply of piped water is plentiful. 

1 :b*d t o ^ th of the tytal j) 0 ]nilatiou derive their dail\ supply from 
house connections. There is ihus great probability of the number 
.if house connections in Bombay getting doubled in the near future. 

Tin's eventuality would necessitate the adoption of universal 
metering as an essential safeguard against negligent and wilful 
waste, if the Tansa supply is to meet the prospectin' demand 
during the next lo to 21) years. The total cost of I hr Tansa eomple 
lion >torks is not given in this paper, nor the annual cos! of main 
tenauce and of 1000 gallons of water piped down to Bombay. I 
however, understand that the iota I eosl was in the neighbourhood 
of ( pores of rupees. 

romparing small things with great we lane got a scheme o! 
gravitv supply under contemplation in the Punjab namely for 
Ambala water to be piped down 2:> miles from the sub-artesian 
springs of the (Ihaggar and we anticipated to supply water to the 
ditforent consumers like the — Cantonment, the N.-VV. Railway ami 
the city at annas |>er 1000 gallons. 

The Tansa steel mains have been laid on the ground and taking 
into consideration the size of the pipes and the temperate climate 
of Bombay this was probably the best things to be done. The 
discharge of the mains has been calculated from Chezy's formula, 
which compares favourably with Kulter (value of X -ORb Box and 
Panning, while Professor Cnwins own formula 

c 0.0440 V“ 
b " 1.16 * 2 G 

D 

<. for India I 25 

ii I lows for more than 50 per mil. extra incrustation losses. Tin* 
t'hcmical analysis of water noi being i \i*n in the paper, il is 
difficult to judge, whieli formula would suit the local conditions 
best. 

The storage capacity of the city service tanks (50 million 
gallons) as against a total maximum supply of 00+14=104 million 
gallons is most satisfactory. Ordinarily (> to ,S hours supply is 
stored to tide over the peak demand. 

The author of the paper says that one of the striking differen- 
ces in consumption between Wards A and <! is due to waste of 
water in consequence of the supply being intermittent in A Ward 
while the supply in G Ward is constant. This is a valuable point 
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and accounts for the apparent paradox that consumption per 
capita is less if the supply is a 24 hours supply than would be the 
case it* the supply was an intermittent one. Our experience in the 
Punjab is also the same. 

The chlorination plant at Powai is a valuable adjunct to the 
whole scheme, it is worked for some months in the year, when the 
lake water is turbid and the fart that bacterial content, is present 
even in 0.1 c. c. shows the necessity for such a plant and for the 
thorough disinfection of the raw water. 

Mr. F. (\ Temple . — The statement that disinfection alone 
cannot be considered as absolutely rendering water safe is one of 
the most important statements in the whole of the paper. It has 
been pointed out on more than one occasion to the Municipal Cor- 
poration of Ihmtbay that they are running very considerable risks 
in chlorinating their water without first filtering it. At certain 
times the water undoubtedly carries a very considerable quantity 
of organic pollution and it is a well cstblished fact that organic* 
pollution can absorb very large quantities of chlorine without 
complete sterilization of pathogenic* germs. So heavy doses of 
chlorine will inevitably make the water taste. This causes a clanger 
whim the* population sowed is largely uneducated. For, to un- 
educated people water is water and fit to drink unless it is obvious- 
ly dirty or lias an unpleasant taste, and a water tasting strongly 
of chlorine will drive them to highly polluted water that happens 
to taste more pleasant. 

That this is a very real danger is shown by the apologies for 
the taste of the water that appeared in Public* Press at the end of 
July. 


In addition to these risks there is a very appreciable risk of 
corrosion of pipes and liftings. 

Mr. F. r. (j tiffin . — if the author had been present I would 
have liked to ask a question with regard to the temperature of the 
water. In page S2 of the paper it is stated that “ on the whole 
length from Tansa to Malim and from Powai to Ghatkopar, the 
tapes are laid fully exposed, with the exception of the 57" mains. 
Thus for most of the distance the pipes are exposed to the sun and it 
would be interesting to know whether, on a hot day, there was 
nmc'li difference betwen the temperature of the wafer 
entering the pipe line and that of the water flowing out of it. 

I would also like to draw attention to the coating of the pipes. 
On page 89 it is stated that after caulking, the pipes were painted 
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with bitumastic paint, — on page 90 that the held joints, were paint- 
ed over, and on page 92 that no provision for additional protec- 
tion of pipes laid under ground against corrosion or for additional 
strength were generally made. It appears therefore that except at 
l he few crossings etc., where concreting was done, the pipes are 
proteeted with one coat of paint only. In the trunk mains of the 
South Staffordshire Mond Gas Co., steel pipes (Meplian Fergusson 
lock-bar pipes) were used, the pipes being in 2N feet length, and 
ranging from 4ft. diameter down to 21 inch. All (hose pipes were 
lirst dipped in Dr. Angus Smith's solution at the factory, then 
wrapped in brattice cloth, and dipped again in tar. On arrival at 
the trench side, any places in which the covering was damaged 
were repaired. After jointing, the collar and adjoining pipe was 
painted, wrapped with brattice (doth, and tarred. Where pipes 
Avere laid through ashes or old pit mounds, clay was carted to the 
site and the pipes were surrounded with 0 inches of clay puddle. 
The treatment of the Tansa steel pipe line seems to be very differ- 
ent to this, and it will be interesting to see what the life of this 
pipe line will he. 

Mr. A. F. Wyatt . — The author stales that bridging over the 
south arm of the Bassein creek presented a considerable problem 
in itself, which he did not propose to discuss. 

A note on any special difficulties encountered and the means 
adopted to ovoreome them would be of general interest. 

General . — Were there any special difficulties during construc- 
tion. If so a note on these and Iioav they were overcome would add 
greatly to the usefulness of the paper. 

Mr. A. V. Austin . — In connection anUIi expanding joints in the 
pipe line it would be interesting to know whether after a period 
of time these continue to function. Experience on Railway work 
would lend one to expect that the whole pipe line Avould probably 
to some extent creep, and that after a few months, or at any rate 
a ears, some of the expansion joints would be permanently extended 
to their extreme limit and others permanently compressed. 

Mr. D . II. Remfrcy —' The paper is one which might have been 
made very interesting if it had dealt with details and the difficult- 
ies encountered instead of merely sketching the general aspects of 
the case. 

For example, the Tansa Dam although built of the full width 
for the intended final height in the first instance was not the full 
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height and has subsequently been raised 13'. Was there any diffi- 
culty encountered in doing this? Were any precautions taken in 
regard to variations in temperature between the old work and the 
part added. In the Assuan Dam the question (ft* variations in 
temperature, between the old work and the masonry added to raise 
the dam to its linal level gave more food for thought to the design- 
ers than any other problem. 

In tills particular instance the problem is not of such magni- 
tude nevertheless one would have expected special precautions to 
bo taken and details as to what these were would be interesting. 
It would also be interesting to hear if there are any cracks in the 
newly added part, or any leakage through the joint between the 
new and old parts. 

The question of the rain fall and the run-off is one which is 
extraordinarily interesting. 

Apparently witli a mean annual rain-fall of 91 inches the run- 
off is 57.(5 inches or (>1 per rent. 

The reservoir capacity is SO per cent, of this run-off. 

What however is likely to happen in a year of drought? 

The present consumption appears to Ik* about (55 per cent, of 
the reservoir capacity or a little* more than 52 per cent, of the 
normal run-off. 

In a year of minimum rain fall the fall is given as 10 inches. 
The run-off* in this case will be nothing like (51 per cent, and is 
more likely to he nearer 30 per cent, which would give considerably 
less water in the reservoir than was used in 1920. Ten or twenty 
years lienee when Bombay has learnt to expect 35,000 million 
gallons per year it may suddenly find it lias to do with half this 
amount. But it would only find this out when too late. 

It would Ik* interesting to know what studies have been made 
in respect to the reservoir capacity being reduced by silting. 
The question may not lx* a serious one in the Tansa Scheme* but is 
a very great peril in certain schemes in India 

The expansion joints and temperature effects in the pipe line 
arc of primary importance. An expansion at the joints of 7£ 
inches is given by calculation allowing a temperature range of 
90° Fahr. My own experience has been that engineering fractures 
do not expand or contract as much as they are expected to. For 
example on bridges mounted on roller bearings the expansion is 
often only half or one third of what is expected by calculation. 
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In the case of a pipe line which is not on roller bearings, nor lias 
any facilities for movement one would expect little movement at 
the joints. 

Temperature stresses in the pipe and unequal stresses are also 
interesting. In bridge -work sometimes the temperature in a plate 
exposed to the sun is not so high on the upper or exposed side as 
on the underside. Again, the temperature between the upper 
side and the lower side of a bridge may very by 30°. It would be 
in< cresting to know how the temperature of the pipes vary and 
whether any allowance has been made for tempera hire stresses. 

Further it would be interesting to know what the builders of 
this pipe line think of the subject of creep. Railway Engineers 
can tell us a good deal of the cost of rectifying creep in rails. 
Wlmt however would happen if the pipe crept badly? The weight 
per foot when full of water may be twenty times as much as a 
railway track, and the cost and difficulty of pulling back the pipe 
line may be more than twenty times as serious. The pipe is 
exposed to the sun for miles, and although not subject to the 
vibration to which a railway track is subjected it is possible that 
there may be difficulty from creep. 

Finally the paper would be of much more value to the 
Engineering profession if instead of giving the total cost of the 
pipe line the Author could give the unit costs in detail — that is 
to say tiie details of how the cost, per ton of pipe line work out as 
regards raw material, freight, handling charges, bending plates, 
fabrication, erection, ri vetting, painting and overhead and 
supervision charges. 

Mr. N. B. Wilxan . — Re Testing. It is noted that no allowable 
leakage was specified. In testing will the author kindly say what 
actual leakage per mile or other unit of length of pipe was found? 
In Calcutta a length of 5,000 lin. ft. of 00" diameter steel main has 
been tested when it was found leakage at the rate of 15 gallons 
per minute was taking place. No information, so far as I am able 
to trace, is available as to the amount of allowable leakage in 
large diameter steel mains. 

Re : the floating of the empty pipes caused by monsoon floods, 
what steps were taken as to the placing of these mains at their 
original invert levels or whether they were allowed to remain in 
their uplifted condition. Did the upheaval of these pipes cause 
straining of the caulking and had they again to be recaulked. 

In Calcutta during 1925 due to monsoon rain a length of 
450 ft. of 60" main was uplifted through a maximum distance of 
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2'-8% no apparent damage lias been caused although this pipi 
has not yet been tested. It is, however, proposed not to lower 
this portion of pipe blit to fix an air valve on the highest portion 
of the pipe and have all joints caulked inside and out. This 00" 
main lies between the two existing mains of IS" and 42" diameters 
with only l'-0 7 ft. clearance between those mains and the steel 
main on either side and is laid (dose to the edge of a large tank. 
Fears were entertained as to the safety of the existing mains but 
no damage has been done to them due to the upheaval of the 00" 
steel main. The earth cover on this main at the time of the 
upheaval taking place was 2 ft. thick which was insufficient to 
balance the upward thrust of the empty pipe. 

The collapsing of main pipes due to vacuum is not unknown. 
It would be of interest to know what leakage took place (if any) 
after pressing out the pipe to nearly its original section ah 
explained by the author. 

Chlorination . — The dose of 1.4 parts per million is fairly high. 
Have any complaints been received as to any “Iodoform taste” 
being delected by the consumers. It would be of interest to know 
what the cost per lb. of liquid chlorine is delivered in Bombay 
and from where it is obtained. Has any action yet taken plac< 
on the steel mains in spite of the precautions taken to get the 
chlorine solution well distributed in tin* main pipe and if so, ot 
what nature and extent is this action? 

Has there been any trouble with the valves on the cylinder*- 
containing the liquid chlorine sticking and preventing them being 
opened without risk to the operators? 

The tigures given by the author as to the consumption per 
head per day in the various districts are very interesting and point 
out very clearly that with a> constant supply a much less consump- 
tion per head per day can be obtained than when the supply is 
intermittent. 

The author has given a very interesting paper and is to be 
congratulated. The photos very clearly show 7 the nature and 
extent of the work. 

The author , in his reply , dealt with the various comments as 
follows : — 

, Mr. K. M. Kirkhope’s remarks — The steel specified for Tansa 
mains was to be made by open hearth process, having a minimum 
tensile strength of 20 tons per sq. inch with an elongation of not 
less than 20 % in a length of 8 inch with a contraction of area at 
point of fracture of at least 40 %, etc. 
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As regards the controversies of opinion (Mr. A. O. Khan's 
remarks) on the advisability or otherwise of painting steel work 
before despatch, 1 would suggest that the priming coat in the 
shop may be of use for protection during transportation, provided 
the steel is previously cleaned of mill-scale by pickling and 
thoroughly cleaned of all dirt, oil and rust. Measurements of 
expansion due to temperature were actually taken and the co- 
efficient of linear expansion worked out. as far as I recollect, in 
the neighbourhood of 0.000007. 

It is very interesting to note that Mr. Kirkliopc substantiates 
my statement on waste due to intermittent supply as also do Mr. 
X. It. Wilson of Calcutta and Rai Bahadur Amarnath Nanda in 
their comments. 

Rai Bahadur Amarnath Narnia's remarks— The domestic 
supply iu Bombay is unmetered, while the trade supply is metered; 
the latter constituted about J of the total supply in the year 1021. 

Attempts were made to introduce meters for house connec- 
tions, but the Municipal Councillors' sentiment against taxing 
tin* water supply prevailed. 

The total cost of the scheme has been shown in the paper, 
namely, Rs. 5i crores ( page 104.) 

Mr. T. A. F. Stone draws attention to what is termed 
‘ * Water-hammer.” V. 1*. Marran’s modern formula (see E. 
Weginann’s Book on Water Supply) runs thus : 

T xV 
P=0.0201- t ^ 

where L- length of pipe line in feet 
T-tirne in seconds required to close gate. 

Now, from actual observation, it takes 30-45 minutes to close a 
36" hand operated sluice valve, a Hydraulically operated valve 
of this size closes in a couple of minutes. Assuming for Tansa 
line- L=20,000 feet (distance from the lake to the nearest sluice 
valve); T = 60 Seconds and V=3 feet per second, P works out, at 
about 2011)8. per square inch; very different result as compared 
with Mr. Stone’s rough calculations. 

I would acknowledge with thanks Mr. F. C. Temple’s sub- 
stantiating my statement regarding disinfection by chlorine. 

The chlorine plant described in the paper was an aftertought 
of the designer when he found that money waH not forthcoming 
for his Alteration proposals. 
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Mr. Temple’s apprehension of the risk of corrosion due to 
chlorine has been completely confirmed by the failure of the 
pumps of the chlorine plant described, through corrosion of the 
valves made ol* ‘mon-corrosive 77 alloy. 

Mr. F. C. Griffin's remarks. I regret 1 could find no data in 
regard to the temperature rise of water flowing through the ex- 
posed mains. Experience in Bombay lias shown, however, that the 
rise is very small and unobjectionable. Considerable length of all 
the supply mains in Bombay are laid exposed ; they are 72", 
GO", 57", 50", 48" steel mains and 48" 32", 24" c. i. mains. 

As regards coating of steel mains I am strongly of opinion 
that one coat of paint is very poor protection for the mains laid 
underground in Bombay. 

Steel mains recently laid in Brooklyn (New York) were coat- 
ed with two coats of bitumastic solution plus one of bitumastic 
enamel, the thickness of three exceeded 1/1G". 

L regret I cannot satisfy Mr. A. F. Wyatt’s desire to have a 
description on difficulties encountered in the construction of the 
Bassein Bridge. 1 endeavoured in my paper to dwell upon the 
problems of significance for water works engineering and especially 
referring to the works I was directly connected with. 

As regards difficulties in general I hoped they were 1 sufficiently 
referred to in the paper. 

I must also apologise for disappointing Mr. D. IT. Reinfry in 
not describing difficulties where he expected them to exist. 

To my knowledge temperature variations did not add much 
to the difficulties of connecting the old and new work in increasing 
the height of the Tansa Dam. Slight sea page is traceable in places 
along the line between the old and new masonry. Mr. Remfrey’s 
question of future proposals* is answered on the first page of the 
paper where it is stated that additional supply is proposed to be 
derived from Viterna River. 

Silting of the lake does not present, to the writer’s knowledge, 
a danger in the ease of Tansa Lake. 

As regards expansion in the steel mains due to temperature 
variation, the. coefficient of linear expansion, from actual observa- 
tions worked out in the neighbourhood of 0,000007. Unequal 
expansion due to exposure to the sun was very noticeable in the 
case of a vertically fixed air valve upon a curved portion of a 
main ; the air valve inclined in opposite directions before and after 
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noon. Expansion joints responded satisfactorily in eases of uu* 
equal expansion. 

Creeping of empty pipes was observed due to expansion, in 
some eases upwards of a slope, through jamming, towards easier 
responding expansion joints. Expansion joints excessively ex- 
tended were satisfactorily rectified. 

As regards unit costs in detail l regrcf tlial, away from Bom- 
bay, I cannot obtain tin* necessary information. 

The above remarks answer Mr. A. C. Austin's questions. If 
should be noted that expansion due to temperature took place 
in empty pipes. Flow of water in the pipes prevented further 
influence of temperature changes. 

To the writer's knowledge expansion joints on the Yehar steel 
JS" eain were caulked wilh lead, subsequent to the admission of 
flow of water. 

With reference to Mr. N. B. Wilson's comments on my Paper 
on Tansa Completion Works, I have the following remarks to 
make. 

Regarding leakage from the steel mains under test. 

To my knowledge* the New York Board of Water Supply speci- 
fication for the recently laid 72" steel rivet ted mains in Brooklyn 
allowed total leakage from the mains tested under pressure* of 300 
feet column of water not to exceed 1 gls. per linear foot of pipe 
per 21 hours. 

Actual leakage from tin* Tansa mains under test was not 
measured. All visible leaks through rivet ted joints in the pipes, 
laid exposed, were satisfactorily closed and made tight. Leaks 
from the expansion joints were under the observation of Mr, W. 
A. Niven (Member), Hydraulic Engineer. Municipality. 

The author has no data. 

Referring to floating of pipes caused by monsoon, after the 
upheaval of the pipes no straining of the joints was noticed due, 
probably to responsive action of nearest expansion joints. The 
pipes went down after charging with wafer, helped by excavating 
underneath. 

After the collapsed pipes assumed their shape no appreciable 
leakage took place through the rivettod joints. The nearest ex- 
pansion joint suffered as explained in the paper; the author has no 
data as to the leakage through this joint. 
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The dose of 1.4 part per million is certainly very high and 
represented the maximum capacity of the plant described when 
treating 90 million gallons per day. 

To author's knowledge complaints were received of the smell 
and test in the water treated by chlorine in Horn bay with a dose 
even smaller than the above. 

As regards disinfection of water by chlorine the author is 
endeavouring to introduce electrolytic chlorination in connection 
with the new scheme at Gwalior, as already practised in U.S.A. 
(Sacramento). The process is kown in India and promises to prove 
cheaper (provided cheap electric power is obtainable) and more 
convenient than that of liquid chlorine. 

There is no doubt that a constant supply ensures less wastage 
of water, along with other advantages well-known to water 
engineers. 



MORTAR TESTING 

BY 

S. R. KRISHN AMU RTHY, Associate Member. 


The strength of masonry lies, chiefly, in the mortar nsed, and 
although in important structures daily tests are carried out, there 
is no standard under which these tests are made, each engineer 
having his own method of preparing, keeping, and testing his speci- 
mens. Some engineers take the dry materials and make laboratory 
tests only, others lake samples of mortar from pans, others from 
the mortar dumps on the work. Some mould the briquettes imme- 
diately the sample is taken, others wait a few hours before mould- 
ing, some add a little water if the mortar is too stiff to mould pro- 
perly, some make tensile tests, and so on, so that although in the 
course of the construction of important works, I refer especially 
to Dam building, many thousands of mortar tests are made, the 
results cannot be compared owing to the different methods adopted 
in the preparation, preserving, and testing of the briquettes, and 
so valuable data is thus lost, and fresh arrivals have to begin anew. 

The object of this paper is to point out the varying results that 
can be obtained by different treatments of mortar, and the 
briquettes prepared for tests, and to suggest to this Institution 
that a standard, both as to the preparation and testing of mortar, 
be laid down so that time may be saved, in the carrying out of 
experiments, by standardizing the procedure. 

In this paper I have confined myself to the objects stated abowf , 
and have not dealt with the variations in the quality of the mortar 
owing to changes in the proportions and qualities of its ingredients, 
the relative merits of kankar lime, and fat lime with surki, the 
quality and quantity of surki to be used, the amount of water 
required, and the effect of increasing its quantity, and such other 
points dealing with the quality and design of mortar. These and 
similar subjects will be dealt with on another occasion. 

It will be seen from, the graphs and descriptions given below 
that, (1) the time of keeping the samples of mortar between grind- 
ing and moulding, (2) the method of preserving the briquettes, (3) 
the period between taking the briquettes from the maturing tasks 
and testing, (4) the height of the briquettes, and (5) size of tije 
briquettes, have all a large influencepn the results of the tests. 
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The tests, the results of which are given in this paper, were all 
carried out with lime and surki mortar, prepared under working 
conditions in power driven mills, in the proportion oL' 1 lime. 
1 surki, and 3 sand (crushed stone) and unless specially mentioned 
all briquettes were 2" cubes moulded in brass moulds and tested in 
compression to failure. The graphs will apply exactly only to 
mortar of similar composition, but l have no doubt that the general 
behaviour Avill be the same for all hydraulic lime mortars. 

TIM E FROM GRINDING TO Mol'I/DlXO 
Plate 1. 

ft frequently happens that mortar ground on one day cannot 
wholly he used on the same day, and a balance is sometimes carried 
over for one or two days from the time of grinding. 

Tests were made to ascertain the extent of decrease in si length 
by so keeping, and the results obtained are shown on diagrams 
Figures 1 and 2. Judging by the results of ihe tests after 3 months, 
the mortar appears to lose approximately 10";> of its strength re 
gularly for every day it is kept after grinding, as \\\W be seen on 
referring to Fig. 2, it is therefore unwise to keep this particular 
kind of mortar for more than a day after grinding, it being a 
quicker setting mortar than that made with kankar lime, the cause 
of the fall in strength is probably due to the disturbance of it'- 1 
initial set, as it is necessary to add more water and again mix 
before use. It may be noticed that the behaviour of the one day old 
mortar is very curious. It is actually stronger than fresh mortar 
after a week and a fortnight. The curves ( Fig. 1 ) for fresh 
mortar, and mortar kept for 1 day cross at about 20 days. In 
order to test the accuracy of this point, similar samples were tested 
at the age of 20 days and found to give the same strength. I am 
unable to state the reason for this peculiarity, perhaps others may 
be able to suggest it. Each point marked with a circle on the curve 
is the average of four samples taken and tested on four different 
dares, four briquettes being used for each test. Thus every point 
given is the average of 1G briquettes consisting of four sets each of 
four briquettes. Each set was prepared from the same batch of 
mortar, portions being taken and moulded, (1) when fresh, (2) 1 day 
old, (3) 2 days old, and (4) 3 clays old. Tests were not carried out 
for a longer period as it was thought that no engineer would care 
to keep mortar for more than three days after being ground. 
The mortar was preserved in a cool place, and kept damp by water 
sprinkled at intervals. A portion of the batch was taken for mould- 
ing each day and mixed, by a trowel, with sufficient water to bring 
it to the same consistency as if was when freshly moulded. 
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M ET II ( ) I ) ( ) F r RES E R V l NG. 

Plate 2. 

Usually test briquettes of hydraulic mortar are put under water 
as soon after moulding as (*aii be done without causing them to 
crumble, and till then they are kept in a moist atmosphere by cover- 
ing with a wet cloth, or other means. This period generally varies 
from 21 to 48 hours from the time of moulding, according to the 
weather. Some engineers prefer to keep the briquettes always in 
a moist atmosphere. In order to ascertain tin 4 effect of the two 
methods of preservation, it was decided to make a set of briquettes 
from one batch of mortar and keep half under water and the re 
maindcr with tin* tops only exposed, in line river sand, which was 
kept constantly wet by waler sprinkled at intervals. The sand was 
not put in a tray but was spread on a concrete floor so that there 
was no standing water and the sand only was wet. These briquettes 
were taken from the sand two hours before they were required for 
test and immersed in water for this period so that both classes of 
briquettes for comparison should be in the same condition of wet* 
ness when tested, the necessity for so doing will he clear when the 
next sec I ion is reached. 

It is seen from the graphs (Fig. :\) that mortar when kept in 
wet sand gives a much lower strength after a week than when kept 
umler* water* for tin* same per iod, but the difference decreases quick- 
ly until it is ni' at the end of three months. The reason for this 
behaviour cannot be stated with certainty until surki mortar is 
analysed at different ages and the chemical action between the lime 
and the surki is known. At present our knowledge of such action 
; s not extensive nor definite but we know that Hydrated Calcium 
Silicate and Aluminate are the main constituents of the filial pro- 
duct, and perhaps these form more quickly when the mortar is 
totally immersed. However, this test is of some practical import- 
ance as the briquettes in the wet sand represent the condition in the 
work better than those kept under water, masonry work under con- 
struction being only kept wet with sprinkled water and never im 
mersed. 

TESTING THE BRIQUETTES WHEN TAKEN OUT OF 
WATER, ANI) AFTER 24 HOURS DRYING. 

Briquettes taken out of the maturing tanks and allowed to dry 
for some time before testing require a greater load to crush than 
those remaining in water until required for test. This difference 
which is about 44% after a week, decreases quickly up to a fort- 
night, and then more gradually until it is 8% after three months, 
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and nil after a year, as shown by the graph Fig. 4, each point mark- 
ed on which is the average of seven separate samples, each of four 
briquettes. The rate of drying varies greatly according to the* 
weather, the age of the briquettes, and the density of the mortar. 
It is preferable therefore, for the sake of uniformity, for briquettes 
to be tested immediately when taken out of t»e maturing tanks. 

HEIGHT OF BRIQUETTES. 

Plate 3. 

Tests were made on Briquettes prepared from one batch of 
mortar and kept under similar conditions, but the heights of the 
briquettes were varied, thus, 2"x2"x2", 2" x 2" x 1|", 2"x2"xl£", 
2"x2"xl£", and 2" x2"xl tf . The graphs (Figs. 5 and 6) show their 
comparative strength. Each point shown with a circle is the aver- 
age of 1G briquettes prepared from four batches of mortar on four 
different days, there being 4 briquettes of each size from the same 
batch. The difference in the strength, between briquettes of vari- 
ous sizes, is great after a week, but decreases gradually until at the 
age of three months the 2"x2"xl ,/ briquette is 1*98 times as strong 
as a 2"culte. The reason for this big difference after a week and a 
comparatively small difference after three months is not quite clear. 
But it is not surprising that the strength of a 2" x 2" x 1" block is 
about twice that of a cube after three months. In a cube the shear 
due to the load, develops fully and thoroughly as seen in B plate 5, 
whereas in a block of the same section but half the height, shearing 
stress develops completely only at the fringe of the briquettes, for 
about half an inch width all round, as seen in A plate 5. This 
portion fails thoroughly, leaving a hard core in the centre. This is 
evidently due to the friction of the adjacent surfaces giving it later- 
al support. 

Some engineers prefer to make the test briquettes of 2 " x 2 " x 1' 
or 3*x.3"xl£* or 4" x 4" x 2" jnstead of cubes. Their contention is 
that joints in masonry are flat, and therefore a flat block will repre- 
sent them better. But pressure on masonry joints is not always at 
right angles to the joints, which are sometimes in shear, and bri- 
quettes should be prepared as cubes for the results to lj^„|nore in 
keeping with the actual stresses in the work. 

EFFECT OF BEDDING MATERIAL. 

Plate 4. 

The faces of the briquettes which are in contact with the plates 
of the testing machine must be flat, and as far as possible smooth, 
so as to distribute the load equally, to obtain satisfactory results. 
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it is seldom possible to obtain such a surface whilst making the 
briquettes, and it is therefore necessary either to plaster sub- 
sequently the top and bottom faces, or use some bedding material 
when testing. The essential requirements of a bedding material 
are : 

1. It should be rigid but sufficiently yielding to till the inequal- 
ities of the surface without flowing, and 

2. It should have sufficient strength. 

The bedding material should not be so soft or yielding as to 
collect in the depressions in the surface of the briquettes, as this 
will cause lateral tension. The second condition regarding strength 
is not very important, as any solid material in such a thin layer, as 
is required for testing purposes, will withstand the pressure it will 
be ordinarily called upon to communicate. 

It will be seen from Fig. 7 in which are given the results obtain- 
ed with various bedding materials, that plaster of Paris gives the 
best results. It hardens quickly and presents a smooth surface, it 
is easy to apply and is not a costly material. A piece of paper, pre- 
ferably an oil paper, is placed on any plane surface, (a piece of glass 
is the best), and plaster of Paris, mixed with sufficient water to give 
a stiff paste, is spread over it, the briquette is then pressed down on 
lo the plaster, after a few minutes the briquette can be removed 
from the plate and the other face treated in the same manner. 
Plaster of Paris not only gives better results than neat cement, but 
can be applied just, a few minutes before testing, whereas cement 
plaster must be put on some days before, so that it may set and 
harden sufficiently. This may also necessitate the keeping of the 
briquettes out of water for some time. Portland cement mortar 
gives results which are second best and only 4 - 8% less than those 
obtained with plaster of Paris, and it would be therefore better to 
plaster the specimens with neat cement where plaster of Paris is 
not available. 

Mill boards come third in the order and give satisfactory re- 
sults. Single boards 1/16 inch thick give better results than three 
such boards. The reason for this appears to be that the three boards 
yield a :|!^,tle too much, while a single piece yields less, but 
sufficiently to take up the inequalities of the surface and dis- 
tribute the pressure. The briquettes tested were 2 " cubes and 
their surfaces fairly level. If larger cubes are used, or K 
the surface is very uneven, three boards give better results 
than one. When testing the briquettes without any bedding 
material, one set was tested on the sides, i.e., the sides 
which were adjoining the moulds when the briquettes were 
made were placed against the plates of the testing machine, another 



124 


TUB INSTITUTION OF ENGINEERS l INDIA). 


set was tested in the same position os made. The idea was to take 
advantage of the smooth surface on the sides of the briquettes. 
From the figure it will be seen that the difference is only about 
;iv{% , but the strengths of the different briquettes when tested on 
their sides were more uniform than when tested on end. 

Rubber insertion and motor tube rubber give very poor results 
and much less strength than when no bedding material is used. In 
fact they give only 50% of the strength obtained with plaster of 
Paris. Tin* reason for this low result is want of rigidity. When 
applying the load the rubber is squeezed into the depressions on tin* 
surface of the briquettes and collects there, and when further load 
comes on il causes lateral tension with the result that invariably 
the briquettes cracked, with a loud report, vertically into two 01 
three pieces. This can clearly be seen in ( 1 Plate 5. The motor tube 
rubber was torn, while the rubber insertion remained intact. All 
these luiquetles failed suddenly but the results were very con 
sislent. 

The above tests were earned on! with briquettes 11 da>s old and 
made* of cement and sand in the proportion of 1 and 2. The speci 
mens were prepared in four lots, each being tested in the several 
ways mentioned ulm\e. There were four briquettes for each speci- 
men of bedding material. Thus each point given on the curve is the 
average of four separate tests with four briquettes for each. 

The real strength of the 1 mortar was about '100 tons per square 
foot, but to facilitate* comparison, the strength with plaster of 
Paris is assumed as 100 and the other results are reduced corres- 
pondingly. 

SI ZB OF TUB SPEOFMEN. 


Plate 4. 

The use of or i” cubes is advocated by some engineers in pre- 
ference to 2" cubes as the size of crushed stone used as sand, general- 
ly in dams, is often 5/8 inch or more, but this is only a matter of 
opinion and there is nothing to show that we do not obtain the real 
strength of the mortar by using 2" cubes. However, the difficulty 
of avoiding eccentricity in placing the specimen in the testing 
machine is greater in a 2" cube than in a 4 V cube, as the percentage 
of eccentricity due to any displacement of centre of the specimen 
from the centre of the bearing plates is twice as great in a 2" cube 
as in a 4" cube, and lor this reason it may be preferable to have 
larger cubes, but when SO to 40 briquettes, have to be made daily, 
and preserved, as is being done at Mulshi, where all the tests 
referred to in this paper were carried out, 2" cubes are more 
convenient as. they occupy less room than the larger ones. Abac 
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1 y cubes require a machine of much smaller power for testing. 
These an 1 only practical considerations, hot the graphs iFig. S) 
reveal another interesting feature. 

It will he noticed that 2" cubes show greater strength than 
;F cubes. Tin* difference which is about 11 1! per cent after 7 <lays 
increases to 1.‘> 0 per cent after 11 da>s, and then quickly drops 
to I T per cent after one month. l\ is not possible to explain 
this very peculiar behaviour of the briquettes iti tin* ubsenre of 
a thorough knowledge of the ehcmieal aelion in\ol\ed in the 
st lengthening of the mortar as it ages. 


METHOD OF FILLING TIIF Mol’LDS. 

It is coninion knowledge, of all engineers that tapping the 
mortar into moulds by means of any merhanienl contmanec or 
with any heavy tool, tends to increase the strength of the 
briquettes. No regular tests were carried out to ascertain the 
extent of increase in strength with lapping because there is no 
standard tapping Machine or instrument, and the degree of tap 
ping will vary with the person and the tool employed. 

For preparing the specimens for these tests, the moulds were 
idled with mortar by means of a trowel which was passed through 
the mortar vertically several times. Then the mortar was tapped 
gently by a light piece of wood 1 inch square in section and 
about l foot in length. This tapping is not necessary for sloppy 
mortar, but when the mortar is still* tin* moulds cannot lx* tilled 
properly without a certain amount of (upping. 


PERIOD OF KEEPING THE REIQIETTES IN WET 
ATMOSPHERE BEFORE IMMERSING IN WATER. 


It is usual to release the specimens from (in* moulds -1 hours 
after they are moulded and then to keep them in a wad closet or 
under a wet cloth for another das or two. This is necessary, 
particularly, in the case of slow selling mortar as tin* 
briquettes will crumble il ! immersed in water earlier. During tin* 
course of my tests, 1 noticed that the longer tin* briquettes were 
kept in a wet atmosphere before immersion in water, the stronger 
they were, compared with those immersed earlier. But there is 
• i limit lo this interval, after which there is no increase. I have 
not made tests to fix this limit definitely hut hope to do so in the 
near future. I can say this much, that the interval, before the 
briquettes are immersed in water, which gives an increase in 
strength wdll vary for different, kinds of mortar. It will be 
shorter for a quick setting mortar, and longer for a slow setting 
mortar. 
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CONCLUSION. 

Some of the members may wish to know why I have not pur- 
sued any of these tests beyond three months. This is due to the 
very limited time at my disposal for this sort of work, the tests 
recorded above being all carried out in spare moments. The 
extent of work involved can be judged from the fact that over 
1 ,700 briquettes were prepared and tested to obtain the results 
recorded, but I trust that I have made out my case sufficiently for 
the necessity of standardizing the methods of preparation, pre- 
servation and testing of mortars. The application of load, and 
speed of applying should, of course, be also specified. I intended 
carrying c.ut some tests on these, but have not ’.ad th. 1 time to 
do so. For the tests in this paper a rocking plate with a ball and 
Rocket joint was used between the bearing plate of the testing 
machine and the briquettes, and Ihe load uniformly applied on the 
ram at the rate of about l,0001bs. per minute. 

Before concluding I wish to say that my profound thanks are 
due to Mr. G. B. E. Truscott, the Resident Engineer, 
who very kindly permitted me to carry out these tests, 
and whose valuable advice and suggestions were always available 
to me. He also kindly helped me by testing some of the specimens 
when I was unable to do so owing to my absence on leave. 
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by the East Indian Railway Company, and at Allahabad and 
Dhaubad, and later on at the Port Commissioners’ Works in 
Calcutta*. The tests he recorded were all made vAth Sulna Stone 
lime in various proportions of soorkey, sand, and cinders, to 1 of 
lime. Unfortunately his records give the tests of mortar briquettes 
after 6 months immersion in water and the chief fact emerging 
from his tests showed that after 0 months the mortar in some of 
the proportions was stronger than the brick itself. One inter 
esting fact was that 1 of lime to 1 of sand broke at 01 lbs. tensile, 
while 1 of lime to t of soorkey broke at 310 lbs. Another remark- 
able result was that a very much weaker mortar, namely, 1 of lime 
to 2 of sand and 2 of soorkey broke at 282 lbs., while 1 of lime and 
1 of sand and 3 of soorkey broke at 207 Jbs. An engineer could 
therefore adopt either of these 4 to 1 proportions according to 
whether the sand or soorkey was the cheaper of the two, both of 
the mortars being found on actual test to be as strong as llie 
brick itself. When cinders are used all ash has to be screened oil 
to get rid of the line white dust and we find that all unbuml and 
partially miburnt coal lias to be removed by hand. The cinders 
are then ground fine enough to pass through a horizontal screen 
of 400 meshes to the square iuch. The unburnt and partially 
un burnt coal is removed by women and children who actually 
scramble for it, and in fact ash picking vendors generally conn 1 
forward offering to pay a purchase price for such. 

The Chairman agreed with the Author that some, definite 
arrangement should be adopted for each test. At King George's 
Dock we keep eacli briquette 4 days in a damp box ( 1 day flat in 
th& mould, 2 days on edge in the mould and the 4th day out of 
the mould ), on the 5th day the briquette is placed entirely under 
water and kept there, for another 24 days, making 28 days in all. 
The air in the damp box is kept moist by a blanket, of thick felt, 
with its edges soaked in special water troughs. The mortar is 
taken direct from the vats. Jn spite of this uniform method of 
testing briquettes out of a random number of 310 tests the best 
tensile test per square inch after 28 days was 115 lbs. and the 
worst was 11 lbs. for a mortal* consisting of 1 of lime, 1 of soorkey 
and 2 of sand. Tn another case taken at random of 14 tensile 
tests of neat lime after 28 days the best was 288 lbs. and the woMrt 
52 lbs. In another random case of 305 crushing tests the best 
test of the mortar (consisting of 1 of lime, l of soorkey 
and 2 of sand) was 115 lbs. per square iucli and the worst 
was 39 lbs. 

An objection to the use of cinder mortar is the length of time 
it requires for setting. Nearly every engineer 1 have spoken to 
regarding tests of lime mortar have all had more or less llie 
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same extraordinary diverse results, and on this account alone 
Mr. Krislmamurthy has unquestionably made out a case for some 
definite method of test standardization. 

Mr. Rwltardson remarked that while he appreciated the 
amount of work involved in making the experiments on which the 
paper was founded lie did not consider that the expenditure of 
time and money that will l>e required to lay down standardized 
leu is for lime mortar would he justified. 

The manufacture of materials used in lime mortar ( lime, 
soorkee, etc.), cannot be standardized. The engineer has generally 
ro use what he can obtain locally. The actual strength of lime 
mortar is not of much practical importance; all that is necessary 
1 o know is that the mortar will set and this can he determined 
by simple experiments at the site of the work. 

He agreed with Mr. McGlashan as to the results of 7 days' 
test beiug conflicting and giving no real indication as to the future 
India vio ur with the mortar. He referred to a ease in the Darjeeling 
district where tests after a month, seemed to indicate that a 
mortal* was worthless, which was found to be first class; so good 
in fact, that there was considerable difficulty in dismantling some 
of the masonry, in which it was used, when modification of the 
plans rendered this necessary. 

lie considered the experiment on the time from grinding to 
moulding to be of practical importance, quite apart from any 
question of standardization and said that tests he made on these 
limes himself, gave a similar result. If anything an increase of 
strength was found when the briquettes were moulded after 
mixing; this being probably due to obtaining denser briquettes 
owing to some of the excess water having evaporated. 

Practically, all specifications provided that lime mortar should 
l>e used on the day when mixed ; but even with vigilant super- 
vision it is impossible to secure this being done and it will 
probably be a relief to engineers if they realize that there is a 
large margin of safety in this matter. lie agreed that it would 
not be safe to use mortar more than three days old hut it is 
generally the use of yesterday’s mortar which it is impossible to 
prevent. Probably the safe limit is reached when water has to 
he added as the drying of the mortar may indicate that setting 
has commenced. 

Mr. Atkins remarked that he was much interested by the 
subject matter of the paper, but still more so by Mr. McGlashan’s 
description of experiments made with different kinds of lime 
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mortar hv the Engineering Department of the Calcutta Port 
Commissioners. His own experience was similar to that of Mr. 
McGlashan in that he had found that it was useless to place any 
faith in tests of lime mortar briquettes less than 28 days old. 
After experimenting with many different mixtures of lime and 
cement he had arrived at the same proportions as had been found 
successful in Madras by Mr. J. TV. Madelev, namely, 1 part of 
cement, 1 part of stone; lime, H parts of soorkev and (5 parts of 
sand. This mortar gave approximately the same results as a 
mixture of 3 parts of ghooting ( Kunkur ) lime and 2 parts of 
soorkev which had been occasionally adopted in Calcutta as a 
substitute for cement mortar for brick sewers. The objection to 
using ghooting lime in Calcutta was the difficulty of obtaining it 
freshly burnt. The combined mortar above described had sufficient 
cement to give it a fairly rapid initial set which safeguarded the 
mortar against disturbance while the lime was developing its 
strength. 

Mr. A . F. Harvey — I think Mr. Krishnamurthy has done some 
\ery useful work in connection with Mortar Testing and all 
engineers in India, who are interested in that subject, must be 
grateful to him for what he lias done. ITe has undoubtedly spent 
a great deal of time in carrying out tests under varied conditions, 
and must have spent even more lime in tabulating and analysing 
the results of the tests and in converting them into graphs so as 
to make a comparison of the results of similar tests easy. In fact 
most of the graphs show at a mere glance exactly Avhat Mr. 
Krishnamurthy wished to impress on his readers. 

2. I must admit that I had no idea before I read this paper 
that the results obtained by testing briquettes of mortar could 
be affected to such a very marked degree by using different kinds 
ot bedding material. Nor did 1 realise that, if 1 were comparing 
results I had obtained with those obtained by someone else at 
some other time, il would be essential to know whether he had 
matured his briquettes in water or wet sand, and also whether 
he had tested them a few minutes or some hours or a whole day 
after removing them from the water. There can be no doubt that 
it was necessary to draw attention to the fact that mortar testing 
should be carried out in accordance witli definite principles and 
recognised rules, if engineers as a body are to benefit by each 
other’s labours in this connection. 

3. Unfortunately, although 1 think very highly of the work 
done by Mr. Krishnamurthy and am grateful to him for what he 
has done, I cannot help feeling that his Paper f§ll« just short of 
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being really useful, because he has failed to follow his investi- 
gations to their natural conclusion by drafting proposed standard 
rules governing the procedure to be adopted when testing mortar. 
He has recognised the necessity for some such standardization 
and lias suggested to our Institution that a standard should be 
laid down. I consider that he should have gone a step further 
and himself suggested a standard for acceptance by the Insti- 
tution, after any minor alterations that might be considered 
necessary by the Council or a Committee appointed by them. 

1 have two reasons for regretting that Mr. Krishnamurthy 
did not suggest some standard procedure. The first is that, if he 
lmd done so, T feel sure that the majority of engineers in India 
would have adopted his standard for want of a better one, in 
rase the Institution did not take up the matter and lay down any 
official standard. That would have ensured a certain degree of 
uniformity, whereas in the existing cimim stances those engineers, 
who are interested in the matter, will each have to draw up his 
own standard procedure after reading this Paper, ami I am afraid 
there will be no uniformity in the procedure adopted by indivi- 
duals at their own discretion. 

o. My second reason, for wishing that this Paper had included 
definite suggestions by the author, is that in all cases of drafting 
standard rules, procedure, specifications, etc.., there are invari- 
ably two stages, namely, the spadework and the finishing touches. 
The former is what it is always most difficult io get done, and I 
think it was up to the author to do it in this case. If he had done 
it, it would have been a comparatively easy matter for the Insti- 
tution to have put the finishing touches. It would not have 
involved much more than calling for opinions and criticisms from 
half a dozen members of a suitable Committee and co-ordinating 
the replies received. I trust that the Council of the Institution 
will eventually call on Mr. Krishnamurthy to do the spadework, 
and will follow it up by appointing a Committee to apply the 
finishing touches, so that we might have a recognised standard 
procedure in future. 

Mr. E . G. Lazarus.— Would the author be good enough to 
amplify his charts by specifying the dates on which the 4£ four 
different ” tests were made and if possible give what he considers 
would be possible test results for other months in the year. Data 
regarding temperature and humidity would increase the value of 
Hie charts. 

Mr. It. D. N. Simkam .— In a Paper of this kind it would lie 
always beneficial to furnish complete details of the figures obtain- 
ed, so that, the* range of variation of the figures from which 
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average*) have been obtained, may be clearly seen and the efficiency 
and reliability of the results may be judged, before any remarks 
can be made on the graphs drawn with such average figures. 
Also, complete and detailed descriptions of the manner in 
wliicl) mortar briquettes were prepared, for every kind of test 
carried out, and the time or period taken for each operation 
until the specimen are brought to the testing platform, would be 
necessary. 

The author’s curves illustrating the compressive strength of 
mortar under different conditions of preservation, curing, wetting, 
etc., are interesting and a brief review of the facts which they 
tend to show actually, will be made hereunder, following the order 
adopted by the author. 

Tu order to judge the deductions made by the author from 
Plate l annexed to his paper, it is necessary to know whether 
sufficient time was allowed for slaking of lime before using the 
same in mortar or whether the author considered that complete 
slaking would have taken place when the grinding operation was 
carried out; whether the mortar preserved after grinding, was 
protected from the atmospheric C0 2 or was left exposed to the 
interaction of air, but only kept in a cool place and damp by water 
sprinkled at intervals, what time the mortal- was allowed to 
remain in the mould before immersing in water, what time was 
actually taken to mix mortar in the first instance, whether the 
briquettes were tested as soon as taken out of water in all the cases 
or after 21 hours aeration, etc. I think depending upon these 
conditions the results should be reviewed. Otherwise the deduc- 
tions made are likely to be misleading. I would therefore like the 
author to furnish complete particulars as would lie useful 
to all who may have the privilege to study the results of his 
researches. 

With regard to the fall in strength of mortar, I cannot agree 
with the author’s conclusion that the cause for such behaviour 
should be 4 disturbance of initial set.’ The weakening of the 
mortar may he due to the fact that the mortar kept for one day 
and more was not preserved from atmospheric interaction. By 
mortar being exposed to atmosphere the carbonation of lime 
should have taken place, which in its turn must, have retarded 
and partially prevented the formation of calcium aluminate and 
silicate which alone go to constitute the strength of hydraulic 
mortars. Perhaps mortar that is preserved from atmospheric 
interaction will show different results altogether and the compres- 
sive strengths may not be decreasing in a manner shown in 
Plate I. 



DISCUSSION ON MORTAR TESTING 


133 


Method of curing . — The author uses the word preserving for 
‘curing.’ There are several ways of hastening the complete forma- 
lion of the hydrated chemical compounds in a mortar set. Suffi- 
cient water should be provided in the first place to facilitate 
chemical interaction. Depending upon the proper supply of water 
for hydration of the lime present in the mortar hastening of the 
formation of regular crystalline structure is brought about. So 
that it would appear, that when test briquettes are allowed to lie 
exposed to moist atmosphere without any wetting they will take a 
comparatively longer time to gain their maximum strength, as the 
rate of absorption of moisture sufficient for the chemical interac- 
tion can be only very slow; in dry atmosphere, the mortar cannot 
obviously obtain from the air any moisture, but on the other hand 
will loose its own water content and thus mortar cannot attain its 
due strength though it may be kept for an indefinite time, in a 
wet condition the rate of absorption is improved and the chemical 
interaction goes on without interference. In an immersed condi- 
tion under water there is likely to be the same haslening of the 
chemical interaction, but in my mind it, is doubtful whether mortar 
that is kept uniformly in a wet condition is not superior to mortar 
kept completely immersed in water, for similar ages allowed for 
i lie maturing of the mortar. In the, latter, there is likely to be 
some weakening of the chemical interaction due to the presence of 
more water than what is actually required for setting and streng- 
thening of mortar. Rut the author seems to prove an entirely 
different, fact. 

Moisture vs. strength of Mortar.- - The Jesuits illustrated in 
figure 4 by the author in my mind establish very important facts, 
no., (i) The strength of mortar depends upon wetness condition or 
the water borne state or the moisture retained in the mortar. 
When excess water is present the mortar is Jess dense and conse- 
quently cannot support the full load, (ii > As the age of briquettes 
increases the moisture that can be retained by mortar or the 
wetness condition of mortar becomes reduced and in consequence 
the difference, between the strengths of mortar after 24 hours 
aeration and as soon as taken out of water, becomes minced. 

The neglect of the proper drying out or aeration of mortar to 
eliminate excess moisture is a frequent cause of its weakness and 
to ensure satisfactory strength, proper aeration cannot be too 
strongly insisted upon. 

A certain amount of moisture in the mortar is quite essential 
fo maintain it in a condition when it can support the maximum 
‘•rushimr load. The curve of strength m. aeration period, or 
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strength vs. moisture in mortar will be as diagramaticallv 
represented in t lie* marginal figures. Tlie proper method of 
conducting the test would lx* to calculate the percentage, of water 




contained in mortar and find a relation of same to strength. Such 
a relation would determine the power of mortar to support- load 
under different moisture or wetness conditions. 

The above facts lead me to believe that briquettes tested im- 
mediately after taking out of the maturing tanks would not suffi- 
ciently demonstrate the quality of morfur under peculiar conditions 
existing in nature. Ver^ often mortar crumbles down under dry 
atmospheric conditions at aifery low loading. 

Size of Briquettes. Provided we know in the first instance, the 
law relating to strength and bearing area and depth of mortar, it 
would be immaterial to standardize the size of the test specimen. 
The graphs furnished by the author in Plate ITT are sufficiently 
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instructive in this regard. A general relation that seems to exist 
lor any particular age of mortar may he deduced as : — 

Maximum crushing load = Constant_x^ Area_ 

Height" 

k A m 

= — — , where k 
d 

ih a constant depending upon the age of mortar and might represent 
the crushing load when the block tested bo one inch cube, m 
depends upon the evenness of the surface of bearing of the blocks 
and the eccentricity of the block axis and load axis and varies 
from 0 5 to 100, and n depends upon the compactness or angle of 
sliding and consequently upon the age of mortar. 

When k, A and in are kept constant, then the ultimate crush- 
ing load would be inversely proportional to d n . This is more or 
less illustrated by the curves given by the author. 

T»y extending the same law for tin* curves arrived as stated 
above, the probable ultimate crushing loads may be calculated for 
mortars of thickness less than 3 inch. Assuming approximate laws 
to exist, the following values for crushing strength (per square 
inch) may be calculated : 


For seven days mortar crushing strength = V- 

A * 


„ 14 

99 

99 

II 

99 

1650 

„ 30 

99 

99 

99 

99 

1830 
“ d 2 

„ 90 

II 

99 

99 

99 

_ 1970 
d 

Area of Block. 

Height. 

Crushing strength at 


7 days 

14 days. 

30 days. 

90 days. 




1 in. by 2 in. 

1 in. 

2790 

3290 

3250 

* 

2650 

lbs. sq. in. 

Do. 

tin. 

9400 

8690 

7320 

3940 

do. 

Do. • • 

i in. 

75200 

45920 

29280 

7880 

do. 


These results point out certain peculiar characteristic behaviour 
of materials under crushing stress and it seems necessary that 
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elaborate experiments should be carried out to find out how far 
the curves follow a definite law or laws that seem to exist between 
crushing strength and size of specimen blocks. • 

In the accompanying graphs the relative strengtli of briquettes 
or blocks have been illustrated in a manner which would be useful 
for study of behaviour of mortar. The same values adopted by the 
author in his figures, have been used in these. Taking the ease of 

00 days aged mortar the crushing strength per square inch, when 
its thickness is .] inch is likely to be as high as 7880 lbs. whieli is 
four times the strength per square inch when the thickness is 

1 inch. 

Owing to the unevenness of the end surfaces, there is difficulty 
in allowing the crushing to lake place entirely over the section of 
the testing cube. It is on account of this that a compressive test, 
is not generally preferred to a. tensile test. But it is a very 
common practice to put the material to be tested in compression, 
in some plastic bedding. Plaster of Paris is the most usual 
material employed in this way for mortar testing. The occurrence 
of the well known double pyramid shape given by mortar com- 
pression test cubes on crushing is a clear indication that the sti*ain 
is taking place in such a case in a perfectly equable manner. 

The only thing that sometimes happen is. that by adopting 
the shape of cubes on the specimen, tin* corners generally yield, 
first owing to the want of lateral support, and therefore it seems 
necessary to make tests with cylinders instead of cubes. More 
uniform compressive results might be obtained with briquettes of 
cylindrical shape. 

A detailed study of the relative effect of different end condi- 
tions would be of great value. Such study would lead to the 
establishment of some suitable standard method. 

The nature of the bedding material, the force of friction, the 
lateral thrust developed in the bedding material when subjected 
to compression are factors which contribute to the weakness 
exhibited by mortar. With loose or elastic bedding material there 
is likely to develop two stresses as determined by Prof. Rankine 
expressed by the relation P1/P2 where PI is the vertical force 
and P2 the horizontal force which is assumed to be less than PI. 
The horizontal force induces in the material a tensile stress, 
which we know in the case of mortar should he much lower than 
compressive stress. This explains why mortar fails under a very 
low load when the bedding material is plastic or loose or very 
elastic, 
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Sometimes the bedding material assists the mortar, to support 
a higher load than what it would be capable of bearing by itself. 
When the specimens are under stress their edges tend to move 
away from the centre, but the bedding material resists this move- 
ment and in this wav becomes an external force helping the 
mortar to bear high resistance to crushing. A wet coating of 
[Master of Paris or cement would permit the mortar to slide very 
much more easily than does a dry or set coating. Again the 
friction of the bedding material would tend to resist the lateral 
thrust developed in the specimen with the result that if the fric- 
tional resistance exceeds the compressive strength of the mortar 
a compression failure will result early. 

Inasmuch as other factors other than pure campression enter 
into mortar strength, tests of tensile and sheer strengths of 
specimen should be also conducted. Detailed study and careful 
experimentation and analysis, and proper interpretation of the 
results of testing are required to develop limitations and to 
suggest modifications in existing practice and standardization of 
methods of testing. 

The author is to be congratulated on the paper which is indeed 
useful in showing the various elements entering into the strength 
proj>erties of mortar. 

Mr. P. Nalvsa Iyer — The author points out in the first two 
paras of his paper the spasmodic methods adopted for testing lime 
and mortar by Engineers in this country, the difficulty experienced 
(o get their results correlated due to each having adopted his own 
methods of testing, and the consequent desirability if not the duty 
of this Institution of this country to take up the task of standard- 
izing the methods to lie adopted for testing. 

I strongly support the author in this and I would suggest 
standardizing committees being appointed by the Institution for 
such work, not only for dealing with mortar testing but for testing 
of all materials used on Engineering constructions in this country 
as in other countries instead of slavishly adopting the standard 
specifications of other countries without even examining their 
suitability to our country. It may be argued that ft may not be 
necessary to traverse the same ground of testing materials which 
do not change their conditions in different coutries, for which 
such specifications as are international may be used, but before 
doing that, it is better that the various items of specifications of 
foreign countries proposed to lie adopted are examined and classi- 
fied as (a) wholly suitable or international (ft) suitable by adopting 
a “ factor ” or “eoeft.” to suit conditions of this country, (c) 
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wholly unsuited and (d) items not in the foreign specifications but 
which find special application in this country. 

For item (a) foreign specifications and testing rules may lx; 
wholly adopted with certain reservations regarding the effect of 
temperature, etc. 

For item (ft) tests should be carried out in this country to find 
out. of the “ factors ” or “ coefts.” to be used. 

Items coming under classification (c) should be ignored. 

For items coming under classification (d) experiments on 
standardized basis should be carried out and standard specifica- 
tions and testing rules drawn up for these. 

The institutions are financed to some extent for such works 
by the respective Governments in other countries. I do not see 
why our Institution should not approach the Government to con- 
tribute for this useful work. 

Roughly speaking, materials to be tested come under two 
broad classifications: — 

1. Materials employed on a large scale for engineering manu- 
factures and 

2. Materials of local importance that may be more econo- 
mically used than manufactured materials in Engineering works. 

Regarding the first, Manufacturers as well as the user's are 
interested in the testing of the materials; the former in ascertain- 
ing the qualities of the materials in order to Ire advantageously 
used for* manufacture and in getting the best qualities of manu- 
factured materials at the cheapest possible cost to command a 
flourishing sale in the market; the latter confine their testing to 
the specified strength of the materials supplied by the manufac- 
turers and to see if they are suitable for the work on hand. 

Materials of local importance if proposed to be used on works 
have to undergo all the testing of manufacturers as well as users. 

Tt, may not be difficult for the Institution to prescribe standard 
specifications^ be adopted by the manufacturers or users if the 
following methods be adopted as is being done in other countries. 

(1) Provide specifications and testing rules for different mate- 
rials with regard to their innate strength such as tensile, com- 
pressive, etc., independent of the conditions under which they are 
used. 

(2) to determine and specify “ factors ** for the strengths of 
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The first is purely based on laboratory work and it will be 
imperative for the Institution to have a laboratory of their own 
as Institutions of the other countries have. The 2nd involves 
work both in the laboratory and in the field or if models based on 
field conditions can be made in the laboratory itself, it can be to 
a great extent attended to in the laboratory. Such a laboratory 
will have to be very large, and it may be better to leave such work 
to be done in the manufacturer’s shops or laboratories or in the 
field of work. Determination of such factors is very important 
especially in such cases as the use of lime or cement mortar for 
civil engineering works, more so in masonry dam constructions, 
where the actual conditions within the dam body can only be 
vaguely visualised but cannot be even approximately ascertained 
by any direct methods. Merely testing the mortar briquettes 
under varying conditions of atmosphere or under water may give 
only the innate strengths of mortar for such conditions of setting 
under exposure to dry air, wet or saturated air or under water. 
The effect of horizontal and vertical pressures due to water 
pressure and such overload as comes on the elements of mortar in 
the body of a dam cannot be considered in briquette tests; nor 
is it known under what condition the consistency of masonry is 
in the enclosed body of the dam, whether it is in a plastic condi- 
tion or in wet condition, nor can briquette experiments indicate 
anywhere near the actual conditions of strength if such materials 
are laid in the body of masonry and subject to the surrounding 
intensive pressures unless the dam gives way, aud enables us to 
procure samples for testing, or unless some such methods as the 
following are adopted : — 

1. Testing of briquettes under varying conditions and direc- 
tions of pressure, as are likely to be met with in dam. 

2. Making of big sized samples keeping them under the ex- 
pected dam pressures for a reasonable time, removal of the pres- 
sures and testiug of small briquette samples taken from almost 
the centre of the big sized samples for their plasticity and 
strength. 

3. Making of small dam models with aggregates propor- 
tionally sized and used and tested at different sections. The above 
and other such suitable experiments to suit the expected pressures 
and conditions of the proposed dam will give factor or “ coefts.” 
to be multiplied to the values of strengths obtained from briquette 
tests and used with a greater degree of certainty for dam design 
than the indefinable or indeterminate so called “ factor ” of safety. 
It may be the work of scientists to ascertain the properties of 
materials, but it is for the Engineers to ascertain the factors to 
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be used for employing the materials to the existing conditions, 
with safety. 

So standardization of specifications for testing # should be 
framed with a view to correlate the results of laboratory tests of 
the Scientists to the actual conditions and determine “ factors ” 
to be applied. The time factor is also one of those that comes to 
play prominently between the time of sample testing of material 
and its use on work, as during that interval the condition of 
material changes due to partial setting or drying in air. There 
is also the “ diversity ” factor in the proportion of materials used 
on work which cannot be as rigorous as that used for laboratory 
work. There is also the time factor (1) in the grinding of mortar 
and in the time taken for use after grinding (2) in the period in 
which the mortar laid on the dam was exposed to weather before 
the next layer is laid on it. 

There is also the other indeterminate factor of the rate of 
growth of load on the layers of masonry and its effect on the 
setting or resistivity of the material to such stresses. 

So if experiments are carried out on well defined lines bearing 
the above in mind, to ascertain the different factors and if these 
results are correlated, it may be possible to draw up specifications 
for the execution of dam works, stipulating time limits for 
progress of different details of work, selection of material, etc. 
The Institution should formulate preliminary rules for such tests 
after discussion and circulate the same not only to the members 
but to the Government and the local bodies and undertakings con- 
cerned with construction works. Such a procedure is all the more 
necessary in the case of mortar tests as mortar is a commodity 
very largely used for construction works both public and private 
ir this country. 

There arc only a few observations that I desire to make on 
the tests carried out and produced in the form of graphs. 

The first is that only inferences can be drawn from the graphs 
such as from Figure 1 and 2 and freshly used mortar has a greater 
crushing resistance than mortar left unused for some time and 
then used; that mortar air dried after removal from water or 
wetting increases its strength and that a mortar briquette of half 
the thickness gives more than twice the strength of mortar 
briquette of the same thickness as width and give in 7 days more 
than the strength of the latter briquette of 90 days’ life of setting. 

With regard to the second inference I would advise the process 
of alternate wetting and drying in shade of samples and the study 
of such samples to see the effect of setting under such conditions ; 
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with regard to the 3rd inference I do not know if such relations 
will hold for bigger sizes and especially to thicknesses of 6" and 
more. If experiments give such favourable relations it will be 
useful for specifying the thickness of layers -of concrete to be laid 
on dams. There is also one other inference that may be drawn 
from it, i.c that for quick construction of dams it takes a longer 
time for lime mortar to set than cement mortar and consequently 
the intervals between layers is longer. 

Mr. Nataraja Iyer — The paper in question has made out a good 
case for standardising the preparation, preservation and testing 
of mortar specimens ; but the methods suggested for these apply 
only to hydraulic mortar and not to fat lime mortar and the 
name of the paper might have been more appropriately qualified 
as hydraulic mortar testing. The reason is due to the important 
difference in the setting properties of hydraulic lime mortar and 
fat lime mortal*. The former sets under water or in the presence 
of water and does not require the presence of air for its setting, 
the chemical action involved being rather complex with the 
formation of Hydrated Calcium Alumina te and Silicate, the 
former constituent being responsible for the initial setting of the 
mortar and the latter for the final setting. The clayey constituent 
of the hydraulic lime contributes to the formation of Aluminate 
and the sandy constituent to the formation of the Silicate with 
fat lime mortar; the setting is due to the desiccation of the 
mortar accompanied by crystallization of the resulting calcium 
carbonate which is formed by the chemical combination of the 
calcium hydroxide of the fat lime with the atmospheric carbon 
dioxide. For this formation of this calcium-carbonate, the simul- 
taneous presence of both air and water is essential. The more 
slowly the process of desiccation and crystallization is allowed to 
occur, the better would be the hardening result. The above 
accounts for the fact that with fat lime mortar, the setting never 
occurs when the mortar is under water and requires the spraying 
of water. It is common experience with Engineers that when, in 
building masonry of fat lime mortar, the top course is edged with 
mortar and covered with 2 or 3 inches of water, the mortar under 
the water never sets till the depth of the water reduces to about 
half an inch. 

2. The ordinary or commercial lime is of widely differing 
qualities, the shell lime being almost wholly of fat lime 
while the Kunkur lime or lime from limestone contains varying 
percentages of the hydraulic ingredients. With, most of the 
ordinary lime mortars in use, what takes place during this setting 
is a combination of both the processes described above for 
hydraulic and tot lime mortars. When a lime is not sufficiently 
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hydraulic for a particular purpose say as in watery situations, 
it is rendered hydraulic by adding surki to the lime. 

• 

3. Referring to plate 2, figure 3 of the paper, it is shown how 
the curve of strength for briquettes kept under water is higher 
than the one for briquettes kept in wet sand. This phenomenon 
Mill be reversed with mortar of lime containing little or no 
hydraulic ingredients. It must be realised that a large proportion 
of the masonry structures which are actually being built are of 
mortal* of fat lime, ?.c., lime with little or no hydraulic properties. 
To such mortar the methods of preparing, preserving and testing 
of samples would, as explained above, not be applicable and other 
methods will have to be devised and it is clearly not within the 
province of the present discussion to go into the details of these 
methods. 

The Author's reply — I am glad that such a distinguished 
engineer as Mr. McGlashan agrees that T have made out a case for 
the necessity for the standardization of the method of testing 
mortar. Huge quantities of lime are being used every year in this 
country for constructional purposes, and yet Indian engineers 
know very little about their qualities, especially in con junction 
with other materials such as surki, cinders, etc. Tests of lime 
mortars have been, and are being, carried out on many important 
works, and yet these cannot be compared to hud out their relative 
merits, as the methods by which they are tested have no common 
basis. 

I agree with Mr. McGlashan that tests after 7 days or 14 days 
are not altogether reliable, and that tests after 28 days should be 
preferred. That is so in cases where mortars of different com- 
positions are to be compared, but when the cementing materials 
such as hydraulic lime, or lime and surkhi, etc., from the same 
sources are used, and the proportions of the different ingredients 
are the same, as is generally the case in big works, tests after 
7 days give a fairly accurate indication of what the mortar will 
be like when it ages. It is also necessary to have tests made at 
as short a period as possible so that engineers may have an idea 
of the mortar that is being used in their work, tests after a long 
period make it too expensive to allow work done with a poor 
mortar to be rectified. 

As has been pointed out by Mr. McGlashan, a quick setting 
mortar may show a higher strength after a week, but may show 
only equal or lower strength after a longer period. It is therefore 
advisable to rely on tests when the sampled have matured for at 
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least one month when mortars of different composition, or con- 
taining different limes, are being compared. In fact, I am so con- 
vinced regarding this, after the large number of tests carried out 
by me, that for a series of comparative tests I am now making 
with lime and surkhi mortars I have entirely omitted the 7 days’ 
and 14 days’ tests and have taken a month as the minimum period. 

With regard to the remarks of Mr. Richardson, I have to say 
at once that he seems to have misunderstood entirely the purpose 
of the paper. He says that the actual strengh of lime mortar is 
not of much practical importance. Probably he has had to deal 
only with small buildings where very low pressures are met with 
and possibly he was thinking of such erections when he made that 
statement. I have not concerned myself with such buildings but 
had in view engineering structures such as dams, bridges with 
large spans, etc., where often high pressures of as much as 10 to 
15 tons per square foot have to be considered, and during the 
construction of which regular tests of mortar arc* made to ascer- 
tain the mortar is up to the designed strengh. 

Mr. Richardson says that all that is necessary to know about 
lime mortar is that it will set. Nothing is further from the truth 
and I really am surprised that an engineer should make such a 
statement. I can show Mr. Richardson any number of samples pf 
mortar which would set and yet be absolutely unfit for use on 
important structures where high pressures have to be withstood. 
The fact that a mortar sets is no guarantee of its strength 
whatsoever. 

Mr. Richardson says that the expenditure of time and money 
which will be required to lay down standardized tests for lime 
mortar would not be justified. He adds that the manufacture of 
lime and surkhi cannot be standardized and the engineer has 
generally to use what he can obtain locally. Again be evidently 
has not understood the object of the paper. 

I have neither pleaded nor even suggested that the materials 
used in lime mortar should be standardized, and cannot conceive 
any engineer doing so, nor that lime and surkhi mortar should 
only be used* I used this class of mortar for the purpose of pre- 
paring my paper as it is the mortar that is being used on the works 
on which I am engaged, equally satisfactory mortars can be 
obtained by using an hydraulic lime in lieu of surkhi and fat lime* 

T thought I had made this point clear in the third para of the 
paper* What I have, however, proposed is, as Mr. McGlashan has 
stated, that all lime mortars, from whatever materials they inay 
have been prepared, should be tested under a standard method, so 
that the strengths of the different mortars used 
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important works may be comparable ami all variations and uncer- 
tainties due to the different methods now adopted in preparing, 
maturing, and jesting samples may be eliminated. Ip the paper 
T have tried to make out a case for standardization by showing 
the wide variations in strength that can be obtained with the 
same mortar when it is tested under different methods, most of 
which have been used by various engineers. 

It is only to save time and money aud not to spend more, 
that 1 have suggested that the Institution fix a standard method 
of testing, for it is only with such a common standard we can 
compare the strengths of mortars and so save time aud money 
by eliminating all other methods. 

To make the point (dearer let me state an example. Suppose 
one engineer says he is using a mortar showing a strength of 
100 tons per square foot after one year, and another engineer says 
that lie is using a mortar which shows a strength of SO tons per 
square foot after the same period. We cannot be certain I hat the 
first mortar is stronger than the second until we know, 

J. Wherefrom the samples were taken in both cases, 
whether from tin* actual work, or directly from the 
mortar jams or whether prepared in a laboratory. 

* 2. Whether the briquettes were moulded as soon as the 

samples were brought to tin* laboratory, or whethei 
the mortar was allowed to stand for sometime before 
moulding, thus allowing some of the water to eva- 
porate and the mortar to get stiller. 

3. What was the consistency when moulded. 

4. Whether the mortar was rammed into the moulds or 

simply pressed in. 

5. How the briquettes were preserved after moulding. 

fi. Whether the briquettes were teste* 1 wet or dry. 

7. What, bedding material was used. 

8. Of what shape and size the briquettes wen* made, etc. 

It is only on the above points 1 have suggested to the Insti- 
tution to fix a standard and it will be readily seen that such 
standardization involves little or no expense. 

Without information on the foregoing points no comparison 
of mortars can be made. We thus lose much of the value of the 
tests carried out by our predecessors or cou temporaries. It is in 
order to enable engineers to get the benefit of the tests that ate 
being carried o-ut by others and thus save time, labour aud money 
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which would otherwise have to be spent on independent and 
speculative research, that l have pleaded for standardization of 
the methods of tests, so that we can Jiave a definite idea of the 
results obtained by different engineers. To make the point still 
clearer, 1 may say that if l am given any sample of mortar I can 
prepare two sets of briquettes and treat and test, them in two such 
different methods, each method being t hat used on engineering 
works, but the strength of one set will differ from that of the 
other by as much as 50 per cent, or fit) per cent. 

Regarding Mr. Atkins' comments, these are outside the scope 
of the paper, but l would say that it is no new thing to use 
ordinary lime mortar gauged with cement, the only difficulty in 
this country being that it must be used quickly to get. the best 
results, i have complete a series of tests of lime mortar gauged 
with varying quantities of cement for comparison with ordinary 
lime mortar and hope to include the results in a further paj>er 
on the design of lime mortar. 

I trust that most of tin* members will agree as to the 
necessity for standardizing the methods of testing lime mortar 
and that the Institution will move in the matter. 

In reply to Mr. Harvey, l wish to say that I did not draft 
standard rules for the procedure to be adopted when testing 
mortar, as J wanted to leave this work to be done by a. Committee 
of the Institution after taking evidence from other members who 
have knowledge of the subject. 

However, as Mr. Harvey desires that l should suggest the 
standard to be adopted, I would mention 1 lie following rules as, 
in my mind, most suitable and those may he altered by the Insti- 
tution agreeably to the views and expressions of other eminent 
engineers engaged or interested in the subject. 

1. Mortar for test on important, works shall be taken directly 
from the work and not prepared in office nor taken out of the 
grinding pans. 

2. Mortar shall be moulded into test briquettes as soon as it 
it is brougtli from the. works and without adding water or letting 
it dry. The time from taking of the mortar to moulding shall not 
exceed one hour. 

3. Mortar shall ordinarily be tested to destruction in com- 
pression and where tensile tests are preferred, these may be done, 
if possible, in addition to compressive tests. The briquettes shall 
he cubes preferably 2' f iu size, and moulded in metal moulds of 
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correct shape placed on a level metal base. The top face of the 
briquettes should be finished smooth and level by means of a trowel. 

4. While tilling the moulds mortar may be pressed by lingers 
to ensure proper filling, no mechanical tapping being allowed. 
When the moulds cannot be properly filled by pressing with fingers, 
the mortar may be tapped by means of a light piece of wood. 

o. The briquettes shall be released from the moulds after 24 
hours and shall be immersed in water and kept there until required 
for test. If the briquettes will not hold under water after 24 hours 
and will crumble, they may be kept in a moist atmosphere for the 
minimum period necessary to enable the mortar to harden suffi- 
ciently and remain intact under water. 

6. Briquettes , shall be tested wet as soon as taken out of 
water. 

There are two other chief points on which the Institution will 
have to express itself (1) The use of a rocking plate to give proper 
bearing to the briquet tes, take up any inequality in its shape and 
ensure central application of the load, and (2) The use of a suitable 
bedding material. Opinion will differ on this second point. Those 
who test only a few briquettes occasionally will like to face these 
with cement or plaster of Paris whereas those, who have to test a 
large number of briquettes daily as it is being done here, will 
prefer the use of mill boards and I have been using only mill boards 
as they are convenient and require very little time. Also there is 
only a small difference between the results obtained with mill 
boards and those obtained with cement plaster. 

No reasons are stated here in support of the rules mentioned 
above, as such reasons are sufficiently indicated in the paper and as 
I wish to be brief in the reply which is already lengthy. 

In answer to Mr. Lazarus, climatic conditions have no doubt 
some effect on the strength of mortar but the subject has not been 
studied sufficiently to offer definite conclusions. It is known, how- 
ever, that mortars matured under higher temperatures show 
greater strength than those kept under lower temperatures. This 
question of the effect of temperature and humidity has been 
omitted from this paper for the obvious reasons that such climatic 
conditions cannot be standardised. 

•if 

The mortars for the tests referred to by Mr. Lazarus were 
made within a few days of one another and the briquettes were 
matured under identical conditions to avoid complications in the 
'results dne to the effect of variations in climatic conditions. 
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Mr. Siinham has given himself a great deal of trouble in 
writing his comments, much of which could have been saved had 
he confined himself to the objects of the paper, as he deals with 
subjects far outside its scope. Many of his remarks too are in the 
nature of deductions from the results recorded. I set out to show 
the variations which can be obtained by preparing maturing aftd 
testing mortar briquettes and, having done so, suggested that a 
standard be laid down by the Institution to regularize the pro- 
cedure. Mr. Simham’s comments would possibly be of some use 
to the Committee which 1 trust the Institution will form. 

I cannot imagine the use of supplying the figures of the test on 
each individual briquette. It may satisfy Mr. Siinham to know 
that any briquette giving a variation of more than 8% from the 
average was ignored. 

The lime was made from Shaba bod lime stone and thoroughly 
slaked before mixing for mortar. 

The method of preparing and testing the briquettes is outlined 
in the paper and unless definitely stated to the contrary, was 
identical for all samples. Mr. Siinham does not consider that a 
definite standard can he determined by a few experimentations, 
neither do I, that is why I used over 1,700 briquettes to obtain the 
results recorded and few as the various methods used may be. the 
results conclusively prove that standardization is necessary. There 
are many other methods which could also have been used, hut 
would have done nothing further to prove my case, and I cannot 
see of what additional practical use those suggested by Mr. Simham 
would be. Some of his views, however, require correction and 
appear to emanate from the mind of a theorist who has had little 
or no practical experience in handling or testing mortar. 

Dealing with plate 1, he says that the decrease in strength 
must be due not to the disturbance of initial set, hut to the mortar 
being exposed to the atmosphere resulting in carbonation of the 
lime. The experience of several engineers, and the examination of 
many old structures show that the process of carbonation of lime 
is very slow and is only superficial to start with. It has been 
recorded that even in walls of ordinary thickness carbonation of 
lime in the interior hail not taken place even after the lapse of 
several decades. But Mr. Siinham tells us that in three days car- 
bonation of lime should have taken place to such an extent as to 
cause a drpp of 80 per cent, in the strength of mortar. His suggs*^ 
tion to keep the mortar free from atmospheric interference attd tlen 
test, it, is equally unpractical such a test is of no use whatsoever 
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to the engineer who lias generally to leave unused mortar exposed 
to the air. 

Methods of preserving: — Mr. Siinham would ufte the word 
‘ l curing ” instead of “ preserving." Hut T confess my inability 

see any eorrection or improvement in it, and feel no regret for 
having used the word 4b preserving." 

While* traversing I Ik* section “ Moisture rs. strength of 
mortar " he shows a certain confusion of thought by mixing up the 
moistim* contents of the test briquettes at the time of 
testing with the water contents of the original mortar at the 
time ol‘ moulding. 1 can see no other reason for bis statement that 
when excess water is present tin* mortar is “ less dense " and con- 
sequently cannot support the full load. The real cause of the 
lower strength shown by tin* wet briquettes is not explained by his 
ingenious theory of density, or crystals, hut the lower strength is 
due to the internal pressure set up by tin* water particles in the 
mortar causing lateral and tensile stresses. It may also be due, to 
some extent, to a. sort of lubricating action of water on the iuternal 
shearing planes. Another possible reason is that moisture softens 
the particles of mortar and causes reduced internal frictional re- 
sistance. 

1 1 is graph in figure 1 is not correct. He has shown the maxi- 
mum strength as obtainable after 21 hours aeration, whereas this 
period is controlled chiefly by weather conditions and ordinarily it 
is much longer. I do not. give exact figures here as 1 have not yet 
completed them for publication. 

His analysis of llie results shown in plate 2 is interesting but I 
do not see any reason for the 44 elaborate experiments ” to lind out 
bow far curves for various heights of briquettes follow a definite 
law or laws, all that is required is to standardize the size of the 
mould to be used. His suggestion for the use of cylinders instead 
of cubes as testing briquettes is commended for consideration. T 
may also add that in the United States of America now a days test 
blocks of concrete are generally of cylindrical shape. 

Regarding Mr. Sim ham’s preference for tensile instead of com- 
pressive test. Mortar is intended for use under compression only 
and it is certainly more desirable to liave it tested in compression 
to ascertain directly its bearing power rather than to test mortar 
in tension and then apply a formula to find out its compressive 
strength, this formula varying for every different kind of mortar. 
There is also a practical difficulty in that crushed stone is generally 
used on big engineering works in lieu of sand, and mortar prepared 
with this usually has pieces of stone up to 5/8 inch in size and so 
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not convenient for moulding in the moulds usually used for teuRile 
tests. 

I agree with the remarks of Mr. Natesa Aiyur to the effect that 
n is necessary, and, in fact, an important duty of the Institution, 
to bring about standardization of the procedure adopted in testing 
the materials used in Engineering construction. His suggestion to 
test mortar under various conditions and in different, methods can 
be carried out only by a fully equipped laboratory. The results of 
such tests may lead to a better and more definite understanding of 
the actual stresses involved in Dams and bring about, suitable 
changes in the design and construction of such structures. 

The author does not share the pissiinism of Mr. Natesa Aiyur 
regarding the utility of the usual compressive tests of mortar in 
briquette form. These tests indicate sufficiently Hie relative* 
strengths and merits of mortars for use in compression and form, 
at present , the most valuable guide, if not. the only guide excepting 
the tensile tests preferred by some engineers, to decide the propor- 
tions and quality of ingredients to be used in any mortar required 
to act under a particular stress. Briquettes made from mortar cut 
out of portions of masonry on the Dam on which the Author is at 
present engaged have shown practically the same crushing strength 
as the usual daily test briquettes made in the laboratory and of the 
same age. 

With regard to his remark about, the applicability of the me- 
thods of tests described in the paper to hydraulic lime mortars only 
and not to fat lime mortars, it is desired to point mil that it is so 
indicated in the introduction to the paper. 



2000 


b. 

0*tj 

„ w 

10 li 

UI u 
£ * 
UJ £ 
3 <£ 

2 o 

S 3 
* ■ 
u. 

o _ 
X oc 
H < 


<0 
< U 
uj o 


si 


<0 

0 


X 

h 

(0 

z 

u 

X 

H 

CO 


£ 5 * 

05 y £ 


£ ft 


< 

a 


K 


S 5 
8 ° 


x 

(0 

cr 

o 


co 

UJ 

h 

h* 

UJ 

3> 

E 

CD 

u. 

o 

X 

I" 

0 

z 

UI 

a 

H* 

0 

UI 

> 

-I 

UJ 

a 


►* 

X 

«C 

h* 

(0 

z 

0 O 
U H 

1 ° 

i s 

< S! 

ui 

(9 x 

z 

E 

<c 

UJ 


<0 


o 

o 


X 

J 


u 

id 


O X~*s 

u. 

a 

0 ^ 
0 

o 

h 

H: | 

X 1 

X 


Vi HI 
W 0 

K 

O 

<9 

UJ 

u. Z 

Z 

a 

P 0 

UJ 

a 

i- 

UI 

u. 

UI 

X 

fc » 

5 

ft 

i * 

S 


s e 

.v2 


H 

■-:> 


<0 

r* 



a «* ■ 








KRISHNAMURTHY ON MORTAR TESTING. 


COMPARATIVE STRENGTH OF BRIQUETTES 
OF DIFFERENT HI? (B-A» CONSTANT-2 a) 
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7 he Kidderpore Bridge, built by Burn & Co., Ltd.. Howrah . 

WE CAN CONSTRUCT BRIDGES 

of any design, weight, or size, and undertake struc- 
tural and mechanical work of every description. 
We specialise in 

RAILWAY AND ROAD BRIDGES 

Our Workshop and Plant are admittedly the largest 
Engineering Establishment in the East, and are 
officially recognised as being capable of building 
girder bridges up to 300 feet clear span. 

Send us your enquiries. 

BURN & Co., Ltd. 

HOWRAH IRONWORKS, HOWRAH. 



ROHTAS BRAND PORTLAND CEMENT. 
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Selling Agents : — Selling Agents :— 

MARTIN & CO., GILLANDESS ABBUTHNOT & CO, 

| ft 7 , Clive Street, CALCUTTA. 8, Clive Street, CALCUTTA. 
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All roofs should be protected by Ruberoid 
Roofing. Ruberoid is a flexible bituminous 
roofing manufactured to a high standard of 
quality. Every roll is guaranteed. Ruberoid 
can be used on flat, pitched or curved roofs of 
wood or concrete, and is impervious to extreme 
heat, fumes of acids, or sea air. Ruberoid 
makes an excellent roof covering for Railway 
Carriages and Engine Sheds as it is unaffected 
by spark. 

FOR EVERY TYPE AND SIZE OF 

BUILDING, THERE IS A GRADE OF 

RUBEROID 

ROOFING 


Write for samples and 
full particulars to 

HUMMER BROS. A Co., 
7, Hare Street, 

P. O. Box No. JITS, 
CALCUTTA. 
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COMPRESSED AIR PUMPING 

Sullivan System. 


Pumping by Compressed Air has economically 
solved many difficult pumping problems and is 
particularly suitable for tube well pumping when 
the water is at a considerable distance below 
ground and the size of the well is limited. The 
elimination of reciprocating and rotating parts 
in the well is an advantage which will be ap- 
preciated. 

We have installed numerous Air Lift Plants 
and shall be pleased to advise prospective 
buyers. 

Our Bulletin No. 711 on Air Lift Pumping 
will be sent on receipt of letter or Post Card. 


Agents 


INDIA 



BURMA 


(Incorporated In the United Kingdom.) 


Head Office .—93, Clive Street, CALCUTTA. 
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RUSTON EXCAVATORS 

STEAM, ELECTRIC AND 
OIL ENGINE DRIVEN 
NAVVIES AND DRAGLINE 
EXCAVATORS. 

UPWARDS OF FORTY-FIVE 
Ruston Navvy Excavators and Dragline 
Excavators of all sizes and types are 
now employed in India on Railway Ex- 
tensions, in the Coalfields (removal of 
overburden), quarrying iron ore, canal 
construction, etc., etc. 

Ruston Excavators, sizes varying from 
15 to 300 Tons (net weights), are working 
in India at the present time. 

Full particulars from — 

MARTIN & Co. 

Mechanical Engineering Department, 

6 & 7, Clive Street, 

CALCUTTA. 
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HUME 

STANDARD 

CULVERT 

Supporting 
a 10 ton 
roller. The 
oulvert it- 
eelf is un- 
supported 
by baokfill. 


THE TRUE TEST OF CULVERT 

The INDIAN HUME PIPE Co., Ltd. 

SEWERS JAMSHEDPUR. 

DRAINS 

GRAVITATION & 

RISING MAINS ; 


COMPLETE 
RETICULATION 
SCHEMES 
QUOTED FOR 
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dafliersHattc 

Incorporated m England 

ELECTRICAL. HYDRAULIC. TEXTILE & FIRE PROTECTION ENCINEERS. 

LONDON HMD MHNCHESTER. 

CHLCUTTH ; 7, Hare Street, P O Box 389 
BOMBHY: Bombay House, Bruce Road, Fort, P 0 Box 327 
District Representative Mawabganj, Cawnpore 

ELECTRICAL PUMPING PLANTS 


Water Supply Schemes. 
Mine Drainage. 
Handling Oil. 


Circulating 
and Extraction 
Pumps. 


Irrigation Schemes. 
Hydraulic Power. 
Boiler Feed. 



“PLUROVANE" pump for MINE DRAINAGE 


SEWAGE PUMPS 

We have recently developed a 

“KARNTCLOG” pump 

VERY ROBUST CONSTRUCTION. 

VUI pass any Solid Sphere that can enter Suction 
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THE 

‘PATERSON 1 

SYSTEM 

OP 

WATER PURIFICATION 


WATER FILTRATION, CHLORINATION 
AND SOFTENING 


CONTRACTS CARRIED OUT IN ' 

GREAT BRITAIN EGYPT 

AUSTRALIA CHINA 

CANADA JAPAN 

SOUTH AFRICA SOUTH AMERICA 

FRANCE RUSSIA 

INDIA STRAITS SETTLEMENTS 


OVER 500 MILLION GALLONS OF WATER PER DAY 
TREATED IN INDIA 


PATERSON ENGINEERING 

Co. (INDIA), LIMITED. 

CALCUTTA Post Box 680 BOMBAY. 
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ADVERTISE 

IN 

INDIA’S NEWSPAPER 


®I je Statesman 

PRINTING 

DEPARTMENT 

is specially adapted for the production of high-class 
work at moderate charges. 

Books Book Binding 

Pamphlets Buling 

Office Stationery Gold Blocking 

- and all classes of Belief Stamping 

* General Printing etc., etc. 


Address *11 enquiries t° : 

MANAGES, THE "STATESMAN,” PRINTING DEPABTHEWf, 

e, CHOWRINOHBlE, CALCIjCTTA. 
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LUCKNOW RAILWAY STATION. 


Wired throughout on the 


Hf - SU WIRING SYSTEM. 

USED BY ALL THE LEADING WIRING CONTRACTORS IN INDIA. 


Patentees and Manufacturers : 

W. T. HENLEY'S TELEGRAPH WORKS Co., ltd.. 


(Incorporated in England.) 


HENLEY HOUSE, CALCUTTA. HENLEY 

HE A D OFFICE : WORK 

11, Holborn Viaduct, North Woolwich s 

LONDON. E. C. 1. ENGLA 

AGENTS IN INDIA AND BURMA: 


HENLEY HOUSE, BOMBAY. 

WORKS: 

North Woolwich and Gravesend, 
ENGLAND. 


Mj^gRAS : Crompton Engineering Co, 
(Madras). Ltd. 

BURMA: Chas. R. Cowie & Co , 
RANGOON. 


SIND AND BALUCHISTAN * 

The General Electric Trading Co., 
KARACHI, 
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Efficiency 

Ge n erosity pays , almost always. 

2 

N. B. copper losses vary as C or 1 

Cos.^ 2 

Therefore , watch your power factor. 

The “ TRUWAT ” Motor 

IS A FURTHER DEVELOPMENT OF 
THE WORLD FAMOUS 

Auto-SYNCHRONOUS Motor 

and embodies several outstanding features in design, of 
proved advantage in operation, over any motor of similar 
construction, to run at unity or leading power factor. 

But It in several sizes, 

from 10 B.H.P. <s, 750 r.p.m. up to 600 Volts 
to 220 B.H.P. ft 600 r.p.m. ditto 

Prices & Particulars on application. 

Manufactured by 

CROMPTON PARKINSON LIMITED. 

GUISELEY, CHELMSFORD AND LONDON. 

Represented in India & Burma as follows : — 

Rangoon Agents : Post Box No. 234 
Madras ,, n *> No. 205 
Bombay ,, .. No. 91 

Calcutta Branch: ,, No. 23 

A. 

MARTIN & CO., Managing Agents : 


6 & 7, CLIVE STREET, CALCUTTA 
’PHONE 491 CAL 
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MARSHALL SONS & Go. (India) Ltd. 

— ■ ENGINEERS =^=^=--' 

Man. Agents : MARSHALLS (Direction), LTD. 

CALCUTTA LAHORE TANJORE 

BOMBAY KARACHI COIMBATORE 

MADRAS BEZWADA RANGOON 

Works: AGARPARA, E. B. Ry., Bengal. 


IN ASSOCIATION WITH 

MARSHALL SONS & Co., Ltd., 

GAINSBOROUGH, ENGLAND. 


MAKERS OF 

FIXED HORIZONTAL & VERTICAL STEAM EN- 
GINES, PORTABLE & SEMI-PORTABLE ENGINES, 
BOILERS, ROAD ROLLERS, TEA MACHINERY. 
FLAX MACHINERY, THRASHING MACHINERY, 
PEAT MACHINERY, ASPHALT MACHINERY, 
CONCRETE MIXERS, etc., etc. 


AC.FNTM 

Baxters Stone Breakers, 

Blackman & Keith Fans, 

Blowers, Hearths, etc# 
Blackstone Oil Engines, 

Boilerine Scale Preventative, 

Carters Disintegrators, 

Engelberg Rice Milling 

Machinery, 

Gwynnes Centrifugal Pumps, 


I OK s 

Hayward Tylers Hand & 

Steam Pumps, 
Ransomes Saw Mill Plant, 

Rose Downs-ThompsonsOi) Mills 
Stamford Flour Mills, 

Wm. Weeks & Sons , 

Tar 6? Bitumen Boilers, 
Spraying M/cs., etc., etc. 


Write for our Catalogues. 
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WO RTHINGT ON 

We have supplied and erected many large 

PUMPING INSTALLATIONS 


throughout India, Burma & Ceylon. 

We hold considerable Stocks of our Pumps and 
Water Works supplies in India. 



I 

: EFFICIENCY * 


Worthington ’ Horizontal Duplex Piston Pattern Pump 


Send your enquiries to 


WORTHINGTON SIMPSON L 


( Incorporated in England) 


10, CLIVE ST., 

CALCUTTA. 


ASIAN BLDGS., 
NICOL ROAD, 

BOMBAY. 


,L Bl.AKEBOKOUGH Ur Son 
GEO. KENT Ltd. 

JEWELL EXPORT FILTER Co. _ 
CLARKE & VIGILANT SPRINKLER Co 
A VELJNG fcf PORTER Ltd. .. 

J pAMPNEY Gf Co., Ltd. 


AGENCIES: 

, . Valxes Hydrant'S Sluice Gate*, etc. 

Venturi Motet «, Water Steam & Air 
Met cis 

o .. C, i iivity and Presume Filters 

KLER Co Automatic Sprinkler & Fire Alarm. * 
Steam U Oil Road RoIl« i rifWr^, ' 
etc L 

. , •* A PE X 1 O R" Boiler Compound 

ASPHALTENE, etc. > * , - ' 











THE 

EIGHTH annual general 
MEETING. 


Vhe Eighth Annual General Meeting */ the institution 
was held in the Registered Of joe ut tin. Institution. 
6\ Esplanade Row, East , Calcutta, at II a nr. on 
Monday , the 12th December. i**27. 


\'H ksi:nt 

Mr. K\ IK T. A Irvimhr ( / // 'A* ' bun $ 

,, d. S 

11. UmkinslUAN 
i\ Addams Williams 
<i. Rransln William^ 

,J. MrliJasiiun 

,, E . J, 1». ( I !T< 1 !\N noil 

K. M. KiiUioj.i 
,, A. II. Jnhnstom* 

I M\ A. dardiiir 
Mr. T. 11. Richardson 
.. 1\ 

ir» ('orpoial*' Mrmbcls and ^ ! f . S Is J i.i ' if i *« •« a« i 4 ** « 
Scrirkin . 


I'K* rilKMNiVS 

ill*. R. D. T. A l< a \amU*r look I hr f M.itil J( 11 VM. 
ii^'^Wfetarv read I hr .Volim Miiiwniiij* llm A) i *M i nu 

M iiirttcs of the Seventh Amnuil ( Jeiirra I Merlin" veto 
leaded ^ (‘onli^ql.. 

Awjj&l ll - < « M i 1 1 ' i I •■ih! ‘ho Statement <d 

Aecount* h\ file Auditnis \veiv handed 

Mr. Rum Kish.au i lisi t thr Annual 
I’omiril ami Audited At counts hr 

'I 

>V Mr. (\ Addams Williams and 





ANNUAL REPORT OF THE COUNCIL 

For the Year Ending, 31st August , 1927 ’ 


The Council have pleasure in presentin'* in 11m Members at the 
Kiyhtli Annual Central Meeting their Ueport of (la* progress ami 
work of the Imstituiion during the \ear (‘tided :51st August, IDl'7. 

MHMisuitsir ir. 

The (‘halites in the Membership between Mm 1 Ills! August, 
and 151st August’, 1027, are shown in (lie following table:- 
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|$iew certain alterations took place in 
»bs resigned from the Council on 


proceeding E . fl. JC Greenwood was appointed to the 
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Examinations Committee; Mr. U. D. T. Alexander and Dr. 
A. Jardine to the Administrative and Finanee Committees; Dr. 
daidine was also appointed to the Applications Committee. 

Mr. d. \V. Meares eontinned to act as the representative of ihe 
Conneil in England. 

The Council regret to report the deaths of Sir Ganga Ram who 
had been a Member of Council since lblM and of Rao Rahadur 
S. V. Ra jadhyaksha who had been a Meiuher of Conneil since U)2d. 


ST A N J ) A R D SCEC1F1 C A T IONS . 

The Council have continued to act as the Indian Committee of 
the Rritisli Engineering Standards Association and during the year 
received a considerable number of Specifications. 

INTERNATIONAL 'ELECTRO TECHNICAL COMMISSION. 

The Council have continued to act as the Indian Committee of 
the Inicrnat ional Elect ro Technical (Commission. 


JOERNAL. 

Owing to Ihe unfortunate illness of the Secretary, Volume VII 
of tin* .Journal has not been published. 


RULLETI NS. 

Rulletins Nos. 11, lb. Hi and 17 were published and issued to 
Members during Ihe year. The Rulletins contained information 
concerning the work and activities of the instil 11 1 ion. 


ISSEEOF CARERS. 

During the year the following Capers were issued to all 
Members of the Institution and were read at Meetings of the 
Inst it lit ion. 


• k THE RAILLESS OR TRACKLESS 

'TROLLEY SYSTEM 11 by Mr. A. ? J^niox Stanton 

(Member ;. 


MORTAR TESTING " bv Mr? 


gishnamurthy. 

L *iate Member). 


‘ MAIN FEATURES OF Till 
COMPLETION' WORKS FOR^ 
WATER SFPPLV OF RO.V1RA 



Prokoiieff, 
(Associate Member). 
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EXAMINATIONS. 

A list has been prepared of t lit* Evaniinalioiis wliidi lut\ <» been 
recognised by tin* Council as (tempting from Pacts A and J! of 
the Associate Membership Examiuat ion, and this list was |inldished 
m Quarterly lliillctin No. 1<> lor the inlormation ol Member. 

AWARD OF PRIZES. 

II. E. The Viceroy's Prize lor I! 12.7 g(, was awarded to .Mr. 
•I Met rlashan, Chief Engineer, I’orl Coniniissioiiers. Calcutta, 
for it is Paper “ NEW SO ft. LOCK EXTRA NCR INTO THE 
KIDDERPORE DOCKS The prize for the year I !)'_’(> 27 has tad 
yet I teen awarded hut is under I lie consideral ion of the Council. 

I Seen use no suitable Paper was submitted, no award of I lie 
prize of £20, offered annually b\ the Institution of Electrical 
Engineers was made. 

t 

ALTKILVl IONS TO TIIK P.Y LAWS. 

Various additions ami alterations were made in i Ik- I>\ laws 
of the institution to meet Ilia iec|uircments dun to (la* progress 
bcin**- made b\ the institution. 

LODAL ASS< X MAT IONS. 

On I Ik* lir>t I) March, 1 0127 , a now Association named “TDK 
NOKTU W IOST INDIA ASSO< NATION ” was inaugurated. The 
boundaries of the four existing L«»‘-al \ssoviat ions ware also 
extended and the whole of India with l hr exception of llurma is 
now covered by Local Associations, 

Membership of the Jlombay Association ineieaMMl considerably 
and tin* Assoc iation opened a Leading Loom and a Library. 

The Penpal Association also opened a Lecture IlalL a Heading 
Koom and a Library. 

As a, result of the* expansion of the Local Associations, the 
election of Members to the* Domicil is now carried out in accordance 
with Article J) as contemplated in Artic le ol. 

« 

?1 ^C IHH'VTS. 

The audited accou^Hm* (lie year ending Hist August, 1927, 
are appended. s show a deficit of Rs. 7,122 0-1 on 

the year’s workifli 

The afler taking into consideration the 

increased Institution, the general position is 

satisfactory. 


Wlje Institution of (Bnginms (3Jntoa). 

* Balance Sheet as at 31st Augu st, 1927. 

LIABILITIES & SUNDRY CREDIT BALANCES. ASSETS & SUNDRY DEBIT BALANCEsT 

Capital— r s . a. p. Rs. a. p. furniture & fittings— Rs. a. p. r s . 
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Issue of Papers 


PRESIDENTIAL ADDRESS 

BY 

./. S. PITKEA THL Y, c i.e , c.b.e., c wo., i> s.o> 

rKKSIDKXT, L\S. 


1 f is my great privilege* to address you as your President' fo 
the coming year, and my first, duly must he to express my thanks h 
the Council and members of I In* Institution for the great liouou 
they June e*e>iife*rred upon me in ejecting me to tJiis h i <► 1 1 olliee. 
confess that I take upon myself the duties of this other with soidi 
hcsilal iem and douhl whether I rail properly till the position; hu 
one thought comes to comfort me. One of the philosophers said 
‘•The future does not come from before to meet us, hut come; 
streaming up fiom behind over our heads." We, therefore, are no 
responsible to (In* present generation hut to the future. The 
success of this presidential year— and we all hope* that it he ; 
successful \ car -will not he* upon mv shoulders hut upon the bre>a< 
and capable* ones of my distinguished prceleM-essors to whe>se 
ungrudging labours the* Institution, in a wry large* measure, owe*? 
its position to elay; hut on me devolves (he* duty of doing tin* utmost 
of which l am capable to consolidate and extend t lie* work of m\ 
predecessors and to advance, in (‘very possible A\ay, the* interest 
of this Institution, t<» which we are* all prouel to belong. A dis 
tinguished past President of the Institution of Klcetrical Pugined* 
in one of his aelelrcsscs likeueel the* position of the President of an 
Institution such as ours to a spear jaunt or the* tool face, and very 
rightly staleel that what may he* nrcomplishcel by the* point depemds 
largely on the* boel\ hehiml il. I know your President is always 
assured of an <we*rllowing measure of support anel sympathy from 
your ( 'mined 1 ; hut, if the* goexl progress made in the* past is te> he* 
maintained during the coming year, it. is essential that the keen 
interest anel support of e*very member of tin* Institution should he 
behind the* Council in <he*ir labemrs on jjBfr behalf. 

The aims and objeeUs, for which iem was founded, 

are se*t forth in the* Memorandum of ^HBHppn , a ud are well 
known to you all. The Institution co^^^ttj^^imike good pro- 
gress, the* total membership to-day hein*^»pf(^PPt nett increase 
during the past twelve mouths 51. The conditions of and qualifica- 
tions for membership are not being relaxed in any way, but arc* 
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inther being made* more severe. Membership of tin* Institution is 
becoming more ami more recognised as a <)iiaiili< a ( ion ami as (he 
hall mark of the Engineer. 

The local associations of lien gal, Pmmbay, South India ami I he 
I niled Provinces coni inue to llirivc. and during (he past year the 
Noidii West India Association was ina ugura led. 

Much has been accomplished since (he Institution was incor 
porn led in 11)20 hut much yel remains lo he done* before (la* ideals, 
which inspired the foumlcis, are fully realized; and l waul (o sec 
and do not hesilale lo call for ungrudging sen ice to I he I list it lit inn 
from all its Members. 1 am certain that, il each member will 
u< lively realize that the Institution is Ins Institution, its powers ol 
and opport unities lor useful sen ice (o the Engineering Ibofession 
and I o t he people of t his gi eu I country will be greatly enlarged. 
We, members of tin* Engineering Profession, are justly proud of our 
splendid tradition of son ice rcndcied in many cases lcgardlcss ol 
I he cost to I hr server, and 1 ash that <\ei> mcmbci of the Instil n 
tion should to day put to himself the (pieslion “What seniie can I 
render to the Institution during tin* coining Near?” In order to 
help you to answer this question, I propose luiellv to indicate the 
dirertions in whieh \ our assistanee is needed, and I feel assured 
that my appeal to the members ol tin* Institution foi help will meet 
with whole hearted response. 

Each member ran help tin* I list it ulion by bringing its aims ami 
objects prominently helore l hose member ol I be Engineering pro 
fession in India who have noi yei felt it to he t heir duly to join 
the Institution. As I have already staled, t lie membership of the 
Institution now stands at 1 ,0T>. 'This is mu unsat islaetory ; hut 
there is room in tin* Instil ill ion for many moie. 1 know that there 
are many' Engineers fully qualified for membership w hose presrnrr 
amongst us would add greatly to our s( lengl h. hut who, for one 
reason or another, lia\e so far reliaimd from joining ami helping 
us in our work on behalf of the Engineering Profession in India. 
Ily inducing them to do so there is an opportunity' lo serve the 
Institution, and I ask eaeli member to appoint himself a missionary 
on behalf of the Institution, and in season and out of season bring 
its aims and objects prominently before* those engineers of his 
acquaintance whose help ayd support we* are not at present able to 
enlist. I am sure* t lu itjafcf an intensive* clTort is made during the 
coming year, our can he very substantially increased 

and t he* opport work which the* Institution posse*sses 

Von will note from the clause* d e- of the* Memorandum of 
Association that one of the objects for which the Institution has 
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been established is “to diffuse among its members information on 
all matters affecting Engineering, and to encourage, assist and 
extend knowledge and information connected therewith by establish- 
ment and promotion of lectures, discussion or correspondence.” 
Now, the records in the Journal of this Institution show that since 
its formation, a number of valuable and interesting papers on 
matters connected with Engineering have been submitted by mem- 
bers of the Institution and discussed either at the meetings* of the 
local association or the parent body ; but it is a matter of great 
regret, to your Council and myself that no papers are available for 
discussion at this meeting. If the Institution is to fulfil one of the 
most important objects for which it was founded, members must 
bestir themselves and, even at the sacrifice of some of their leisure 
time, undertake the preparation of papers dealiug with engineering 
matters with which they are most conversant. I am aware, that, 
as a Hass, the members of the Engineering Profession are usually 
unduly modest, and many feel that the works executed by them are 
not of sufficient importance to lx* worthy of a paper; others may 
feel that the difficulties encountered by them in carrying out works 
were capable of very simple solutions when carefully examined, and 
the matter is not of a sufficient, importance to justify the prepara- 
tion of a paper for the Institution. But here I think they make a 
mistake. Jt is only by explaining the difficulties which we have 
met and the methods adopted to surmount them that we can hope 
to pass on our experience to others and so fulfil one of the main 
objects for which the Institution was founded. There is no country 
in the world with a larger variety of engineering work in progress 
than India, and many engineering problems and difficulties have 
constantly to he surmounted; and I appeal to all members, who 
may he in a position to help, not to allow a little trouble or sacri- 
fice of time to stand in the way of this most important service to 
the Institution. If members shirk this service and a steady flow of* 
suitable papers dealing with matters of professional interest is not 
maintained, then the usefulness of the Institution will be 
grievously impaired, as it will fail to serve one of the principal 
objects for which it was founded; but I have no fear that this will 
be the case, as I am confident that my appeal will not go unheeded. 

I have briefly indicated above two directions in which each 
member may serve the Institution ; but there is another direction 
in which even greater opportunities exis^ft^ervice to the Institu- 
tion and our profession. Sir Clement referred to it in his 

presidential address in 1922, and I feel Ij^^ynake no apology 
for quoting the words used by him on tnaW^HHKfe^ He said, “A 
very great responsibility lies on every Engineer who is entrusted 
with the practical training of the students or apprentices. It is 
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here that his opportunity for service to the Institution and the 
profession Kes, and it is here that the greatest necessity exists for 
a realisation of those ideals of which I have been speaking.’’ 
These are wise and weighty words, and I sometimes wonder if we 
fully realise our responsibilities to the rising generation and if 
each one of us is doing his utmost, to discharge those responsibilities 
to the best of his abilities. In the course of time the students of 
to-day will be called upon to take the reins from the hands of those 
who now occupy the premier positions and if young men are to 
carry on the traditions and maintain the high standard of our pro- 
fession, it is essential they should receive all the guidance, 
sympathy and support that may he necessary for their welfare and 
advancement. Tn this matter of vital importance the work is one 
which, to a great extent, must be left in the hands of individual 
members. I know that many members of the Institution have given 
unsparingly of their time and interest to this work, but lest any of 
our members have 1 , overlooked their obligations to the Institution 
and the young engineers with whom they are brought into contact, 

1 commend to their notice the great opportunity >\liieh this work 
offers of rendering useful and lasting service to our Profession. 

At the risk of incurring the criticism of making an unsuccessful 
attempt to preach a sermon instead of delivering a Presidential 
Address, l propose to take this opportunity to address a few words 
to the students and younger members of the Institution. It was 
my privilege some years ago to read two addresses, one delivered 
by Mr. (■. II. Wordingham to the London Students' Section of the 
Institution of Electrical Engineers, and another by Dr. E. U. 
Griffiths, F.R.S., to the South Wales Institute of Engineers. 
These addresses made such a deep and lasting impression on me 
that 1 feel I can render no better service to the young men of our 
profession to-day than to tell them some of the things the lecturers 
said. Speaking to the students Mr. Wordingham said : — 

‘•Most of you are starting, or have just started, on your 
careers: what is necessary for your success? Naturally you must 
be equipped with the very best scientific and technical education 
you can obtain. Subject possibly to the exception of a few brilliant 
men with inborn genius who do arise from time to time, the day has 
gone by when the man who picked up his knowledge as lie went 
along can hope to attain a good position as an engineer. Every 
young man entering Ugmrofession must make himself acquainted 
with the present stafBPsnow ledge in the various branches, and 
must have a special k nowledge of the one in which he proposes to 
practise. This^MifWHf^ however, is only his bag of tools. The 
finest kit in the world will not carry him far if he does not know 
ho)v to use them. It is in the use of them that the human element 
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(•Mines in and 1 lia t the exercise is called for ol‘ such abstract qualities 
as sympat by, kindliness, consideration, Jirinness, fairness and 
honour. These are the determining factors. The works manager 
who has favourites, who tries to get the lad tty* of Ids men, who 
Imllies and insults those under him, or t ruckles to a dishonest 
employer by allowing scamped work, i 1 1 never be a success. The 
adviser Avhose ad\ ice is coloured by liis own self interest, or who is 
open to improper influences, may make money, but he will never 
attain an honourable position. The staff man whose heart is in his 
amusements and who oyly does so much work as lu* is compelled, 
doin<; it as an uncongenial task to be put out of mind when he puls 
on his hat, will find his promotion slow and Ids change of employ- 
ment frequent. 

“It is the man himself who counts. Me must have his equip 
ment of knowledge and skill, but also he must be ablei to use that 
equipment. 

“dust one word on the subject of work. The fashion of I he day 
is to exalt amusement as t he chief aim in life, and to represent 
work as a task to be reduced to the shortest period possible. So 
far ha\e things gone that a man's opportunity to work is in certain 
directions forcible limited by Act of Parliament. Work is essential 
to our existence, ami it behoves each one of us to find out for 
himself what kind of work he is best suited to perform and then to 
lind means to make it his vocation. Ordinarily, many drift into 
their life's work, but I imagine that few drift into engineering; 
most enter the profession from deliberate choice, presumably because 
if attracts them. Fortunate indeed are they if they have correctly 
gauged their inclination, for the true engineer needs no artilicial 
annulment, his work is his hobby and is seldom out of his mind, 
even when taking, as he should, legitimate relaxation. 

“Most of us must have asked ourselves at one time or another : 
What is man's ultimate destiny? What are we here for? Each 
must find his own answer. I suggest that one of the most im- 
portant objects in life is the formation of character, and if this be 
so, every thought, (‘very action has its effect, indelible and per- 
manent. Every job carried out then assumes an importance far 
greater than its intrinsic worth would give# it. The primary 
thought in every engineer’s mind should be: ‘Will this thing 
which l am carrying out be to my^gttedit as an engineer 
or to my discredit? Suppose the wrRMPwhicli l aiu doing 
to day, and which will soon be out o f sig ht, is unearthed 
-0 years hence, will its discoverer say of^WSwImt. the job was 
well done or scamped?’ I know of no pleasanter sensation than 
that of revisiting something carried out years ago and being able to 
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tell ourself Hint it lias stood the test of time and is still function 
mg well. 1 would sa y to* c*acli of you : ‘Try to do every piece of 
work primarily for the work’s own sake and for Hie sake of its 
effect 011 your own diameter. The pecuniary reward in any one 
instance may be small or great, but in the long run that too will lie 
addl'd to you.’ A duty accomplished, a diflu ulty success- 

fully overcome, a job well done, these* are* the things which colder 
real happiness, happiness worthy of man with his infinite possibili 
lies and responsibilities." 

I >r. (IriHitlis ended an address on flu* subject: “A closer 
union between pure and applied science" with these* wolds: 

“There is no branch of natural science which the engineer can 
afford to ignore. His dependence on the physicist, the* chemist, 
and t lie geologist is ob\ ions, but I ask you to remember that the* 
successful const ruction of (lie Panama ('anal was due to the* 
resen rche*s of zoologists, and even flu* designers of our aeroplanes 
had to call on the botanists lor advice in the* selection of their wing 
materials. 

“The* increasing complexity of tin* problems by which we* arc 
con Iron led or rather our increased knowledge of their com- 
plexity has le*el to tin* division of science into separate 
• omparlmenls, a separation which was inevitable although 
in some* respects regrettable. Nevertheless we must remem- 
ber that they are* ail parts of one organic whole*. The laws of con- 
servation and dissipation of energy, for example, are* not hounded 
in 1 heir applieat ion by flu* walls of a physical laboratory. No 
worker in any one such compartment can atlord to be* ignorant of 
discoveries made in others, and more especially is this true of the 
engineer. If appears to me* that erne* of our dilliculties is the ten- 
dency' to o\ ei* specialisat ion. The engineer should have* easy access 
to all chambers in the*, temple of science. 

“It is true that the* views 1 have expressed may be regarded as 
l’lopian, or, if you prefer it, optimistic and imaginative. 1 am 
unrepentant ! 1 want to induce our young engineers to be both 

optimistic and imaginative*. 

“1 delight iu the following quotation from an address given to 
the* Royal Society by Sir Benjamin Brodie in ISoJ) : ‘Physical in- 
vestigation more than anything besides helps te> teach us the actual 
value and right use ^of imagination— that wonderful faculty, 
which, left to ramble4PPoutrolled, leads us to stray in the wilder- 
ness of perpleyitv and error, a land of mists and shadows, which, 
properly controliulff^ experience and reflection, becomes the 
noblest attribute of man. the source of poetic genius, the instru- 
ment of discovery in science, w ithout the aid of w T hicli Newton 
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would never Lave invented fluxions, nor Davy Lave decomposed tLe 
earth’s alkalies, nor Columbus Lave found a New Continent.’ 

• 

“1 venture to repeat, at the risk of being thought wearisome, 
that the mental attitude of our young engineers towards the re- 
velations of pure seienee should not be ‘What possible use can 
there be in this discovery?’ but rather ‘What is the way in which 
this discovery can be utilised?’ I would urge you in your leisure 
hours — and i admit they may be few — to study the works of the 
pioneers in pure seienee, and as you do so give free play to your 
imagination, always bearing in mind the words of Sir Eenjamin 
Urodie: ‘Imagination properly controlled by experience and 
reflection. * Waste not your efforts in vain pursuit of impossibili- 
ties, such as the squaring of the circle and perpetual motion; but 
build on the linn foundations laid for you by the masters of 
research, and strive to apply the principles they have established to 
the benetit and advancement of mankind. 

“Determine that you will become, liaison officers between the 
allied armies of pure and applied science. To tin* man of science, 
discoveries are an <‘ 0(1 in themselves; by the engineer they should be 
regarded as foundations on which he may surely build for the 
edi Heat ion of mankind. 

“I will close with the Avoids, better than I could frame: 
‘There are three voices of Nature. She joins hands with us and 
says, Struggle, Endeavour. She comes close to us; wo can hear 
her heart beating. She says. Wonder, Enjoy, Revere. She 
whispers secrets to us. We cannot always catch her words. 
She says, Search, inquire. These, then, are the three voices of 
* Nature, appealing to Hand, and Heart, and Head, to the Trinity 
of our Doing. ’ ’’ 

No better advice lias over been given to young men starting 
their careers in the Engineering Profession than that contained in 
these quotations, and I hope that the students and younger Mem 
bers of Hie Institution will find in these wbrds inspiration and in 
centive to selfless service. Your profession lias pre-eminently a 
boundless scope for service. The vastness of its domains! and 
the strength of its influences provide inspiration to endeavour 
which, I feel sure, will sustain you when travelling the road which 
lies before you. J ask you to regard the Institution as an embodi- 
ment* of the principles so well expressed hyUJhe distinguished men 
whose words I have borrowed ; and I can point you no higher aim 
than that the proper exercise of your prriNMtton and ; the right 
conduct of your lives should serve as a mirror reflecting those 
principles. 
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Now tlie proper exercise of your profession, and indeed of any 
profession, implies something more than just “pulling your 
weight . ” As engineers, you will understand that maximum effort 
ran only he exerted if the individual forces act in unison. In other 
words, it enjoins unseitish team work. Success and honours will 
not come to all of you; nor would I have you measure merit, solely 
by this standard. As your work draws to its end and as you 
retrace the difficulties of tin* way >\hich you have traversed, you 
will come to pass judgment on yourselves; and, if you are aide 
justly to conclude that, ‘I have given freely and unsellisldy to the 
team/ you can lind no fairer capital to crown your life’s, work. 

And now I shall end with an earnest appeal to you all that you 
should, at all times and in every way, apply the high principles and 
traditions of yonr profession so to help to direr r the course of events 
i hat this great country shall go up, and not down, in the scale of 
humanity, and in its upward progress shall U* an agent for the 
uplifting of mankind at large. 
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The Eighth Annual Dinner of the Institution of Engineers 
(India) was held in Peliti's Restaurant , Calcutta , on 
Tuesday , December 13th , 7927. 


Mr. J. K. Pitkeathly, Chief Controller of Stores, Indian 
Stores Department and President of t lie Institution, presided. 
His Excellency Sir Francis Stanley daekson, tlu* (iovernor of 
Denial, was 1 lie principal guest . The other gueGs in, hided Col. 
Commandant 15. A. Tandy, Mr. d. A. L. Swan, Mr. N. Pearce, 
Mr. S. <\ Stuart Williams, Mr. T. M. Ainscough and Kai Bahadur 
A. (\ Bauer jee. 

liis 15xeelleney Sir Francis Stanley daekson proposed the 
toast “ The King Emperor.” 

The President, in ‘proposing the toast “Our Guests.” said : — 
Your Kxeelleiiey ami (Jcntlrnien : — 

It is my pleasant duty to propose the health of our Guests. 

I sincerely wish that, this duty pleasant though it is had fallen 
♦on someone better able to discharge it than I am. 1 am aware 
that we members of the Engineering Profession look upon our- 
selves as a highly gifted people- in fact. I know that we hold the 
belief that in our profession the “ salt of the earth ” is to be 
found in generous measure and of full savour, but 1 fear we must 
admit that, with a few exceptions, the gift of making after dinner 
speeches clothed in pleasing and appropriate language is one 
which has not been lavishly showered upon us. We arts if I ma\ 
say so, more accustomed to express ourselves in u works ” than 
in words. I know there are exceptions to tbps rule as there are 
to every rubs but your Chairman to-night is not one of the excep- 
tions and I must, ask you to pardon my shortcomings and inability 
to do* full justice to t ho Toast which has b<%i entrusted to my care. 

Our Chief Guest this evening is Ilis Excellency Sir Francis 
Stanley daekson, Governor of Bengal. Tins is the first occasion 
that the Annual Meeting of the Institution has been held in this 
part of India since II is Excellency assumed offliee and by accepting 



THE EIGHTH A XX CAL DLXXEU. 


IT 


our invitation and honouring us with his company (his evening, 
hr has taken the lirst possible opportunity to show his keen 
interest. in the Insfitut ion and his sympalhy with his objects and 
ideals. I mil sure I voire the thoughts and feelings of everyone 
1 1 resent; when T say that we all deeply appreekUe the great honour 
II is Excellency has done us in coming this (‘veiling. 

We have with us tonight Mr. Stuart Williams and 
Mr. J. A. L. Swan, representing two great activities, I lie Tori 
Commissioners and llu* Improvement Trust, whirh haw* done so 
mueli to raise I his City and Port to I lie proud positions they 
oceupy to-day. \\ r e hope to have an opportunity of seeing for 
ourselves some of Hie magnificent engineering work which has 
been carried out at King George's Dock when we visit the site on 
the Itth. Colonel Tandy, Suiaevor General, ami Mr. Pearce, the 
Agent of I Ik* Pastern Penpal Kail way, are old friends and we are 
very glad indeed to see that they ha\e been able* to lx* with ns 
this evening. Wje gi\r a eoidial welcome to Kai Kahadur A. C. 
Kancrjee, President of a sister Institution, the Mining and 
Geological Institute of India. I must now thank tin represent a 
lives of the Press who have honoured us with their company this 
evening. 1 would like to take this opportunity h> express the* 
Institution's indebtedness to tin* Press for sympathy, assistance 
and help in the past and I would like to assure you that we shall 
do our utmost, to retain your goodwill in tin* future. 

To all other Guests whose names I lone not mentioned we 
give a very hearty welcome and hope they will carry awa\ with 
them pleasant recollection of the evening. 

I am sure* you all feel that I ha\e said enough and arc* anxious** 
that T should firing these remarks to a close*, in order that you 
may hear what His Excellency has lo say to us. We hope* that 
he* will have* something to fell us about some* of the important 
engineering developments which aie in hand or under consideration 
in this part of the* country, and 1 will now ask the* Members of 
the Institution to rise* and drink to the* Health ol onr Guests 
coupled with the* name* of Ills Excellency Sir Francis Stanley 
Jackson, the Governor of Frugal. 

ITis Excellency Sir Francis Stanley Jackson, in responding 
to the toast Our Guests ” said : — 

Mr. President and gentlemen — 1 am very grateful for the 
privilege afforded to me of responding to the 4 , toast of “ The 
Guests/ ” This enables me to thank you on their behalf for your 
most generous hospitality and gives me an opportunity of 
welcoming so many eminent engineers of Calcutta. 1 must also 

D 
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thank the President for his personal reference to myself and assure 
him of my interest in your Institution and my sympathy with its 
objects and ideals. I note that the objects of your Institution are 
“ To promote and advance the science, practice and business of 
engineering in alJ its branches in India and elsewhere, and to 
diffuse amongst its members information on all matters affecting 
engineering.” You are meeting in conference when your dis- 
cussions have afforded an opportunity of giving and gaiuing 
information in connection with your profession, which, I have no 
doubt, will prove of great value to you all. It is only after nearly 
nine months’ experience in Bengal that I am able to realize the 
extent to which we must depend upon the help of our engineers for 
the satisfactory administration of India. I did not appreciate 
properly the ramifications of the engineer, lloads and buildings, 
railways, irrigation and waterways, sanitation, all come within his 
sphere. We could not get far without him. 

I think 1 am not putting it too high when 1 say that upon the 
advice and w F ork of our engineers the health and prosperity of the 
country largely depend. At the (lie recent Medical Congress in 
this city i! was definitely stated that the lirst necessity in any 
attempt to prevent the scourge of cholera is the supply of part 1 
drinking water. This is a matter for the engineer. The preven- 
tion of the accumulation and the removal of foul waiter and garbage 
by surface drainage and sewerage arc matters for the engineer in 
conjunction with the Local Health Departments. The production 
of schemes of irrigation to supply waiter to districts, which are 
periodically short of rain, and for the drainage of inundated areas, 
are the work of engineers. In all these matters much depends 
upon the efficient manner in which the work isi carried out and 
a special responsibility devolves upon the junior branches of 
the service, who find themselves in charge of detailed work. 
Slovenly or careless work in detail may spoil a large and ex- 
pensive scheme and result in more harm being done than good. 
Every man in each branch of the service must appreciate that upon 
the way his particular job is carried out depends the success of 
the whole. 

It is also necessary to watch carefully that W'orks in construe 
tion may not become in some indirect way the cause of trouble. 

I can conceive that in the construction of a road or railway, it may 
be necessary to dig borrow" pits, which fill with water and provide 
a breeding ground for mosquitos. This will spread malaria. It 
would appear that wherever possible water supply tanks should be 
made in combination with the road or railway schemes and schemes 
taken up together might prove to be mutually economical. 
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The engineer and his work conduce greatly to the prosperity 
t.t the country. Trade development needs roads, railways, docks, 
etc., and general good communications. Mechanical and electrical 
engineers provide the machinery, lighting and power — so, put 
logether, health and prosperity depend much upon, and owe much 
to, the efforts and skill of engineers. 

We have a number ol' engineering projects of vital importance 
to the health and prosperity of Bengal. At present actually in the 
course 1 of construction there arc 1 the Kidderpore Docks, the Hally 
Hridge, the Damodar Canal and the improvement of roads. The 
schemes in prospect are the electrification of railways round 
Calcutta, and this might result in a central railway station for this 
City. 

And last but not least a bridge across the llooghly, connecting 
Calcutta with Howrah, of such a character as may lx* able to cope 
with the enormous traffic which grows yearly. I can hardly be- 
lieve there is any engineer in India who, if asked for an opinion, 
can honestly state that the present bridge, or anything like it, is 
suitable either structurally or economically for the purpose for 
*vhich it is required. A permanent and solid structure capable 
of carrying the burden it must bear, undisturbed by tide or traffic, 
can surely be the only one worthy of consideration or worthy of 
Calcutta. 

I have wandered far from the toast, hut 1 must claim that 
indulgence which is invariably accorded to the Governor after 
dinner. If I have been too long you must blame your generous 
hospitality. On behalf of your guests I tender you our heartfelt 
thanks for your generous hospitality to night and on their behalf 
oiler you their sincere good wishes for success of your conference, 
\our personal and professional prosperity. 

Mr. S. C. Stuart Williams in proposing the toast “ The 
institution of Engineers (India) ” said: — 

Mr. President, Your Excellency and Gentlemen, I rise with 
pleasure to propose the Toast of “The Institution of Engineers 
India). ” T feel greatly honoured by being accorded this privilege 
or two reasons. One is that I am well aware my selection for this 
pleasurable duty is due chiefly to the fact that I am and have been 
or many years associated with undertakings, in whose operations 
he work of the engineer plays a most important part, and that 
1 is therefore an indirect compliment to my brother officers who 
’re engineers. In my long association with them I have learnt 
o recognise not merely tlieir technical ability but their ingenuity 
<nd their loyalty to one another. I have learnt to admire the skill 
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anti versatility which van Ik* applied hy an engineer when in a tight 
corner to that blessed word “Contingencies” and 1 have learnt with 
expectant admiration to recognise tin* unvarying curtainty with 
which any departure from the path laid down hy that narrow- 
minded man the Accountant, is always attributed in the last resort 
to an engineer who has either retired, or has gone to that tinaJ 
resting place where “tin* audit cease from worrying and the Chair- 
men grouse no more.” 

Dili in the second place, l am impressed by a realization of the 
intrinsic importance of this occasion, at which eminent members of 
your profession from the* whole of India have honoured the city of 
Calcutta by their presence here tonight. When the subject of a 
Toast is an individual person, it is usual to speak of such a Toast 
as drinking to his health and I see no reason why we should not 
describe ourselves as drinking the health of the lust itul ion, in the 
sense that we wish it a long and prosperous life, with constantly 
increasing numbers, a corresponding increase in its bank balance 
ami reserve fund and most of all, in (In* amount and extent of its 
teelmieal work ami activities. Without going into any great 
amount of detail. I have* found from the reports of the Institution 
for the last few years that its numbers have increased from <>7S 
in 11)2;? to 7;?ti iu IhlM, <)2<) in !)S2 in l!)2b and that they now 

stand at tin* respectable total of 1 CK>;>. Those ligurcs are sulliricnl 
to show that the Institution has passed beyond the stage of infancy 
to one of lusty youth, that it is growing iu wisdom and statin'* 
year hy year, and that it possesses every prospect of attaining a 
ripe old age in tin* generations that are to come. 

To those of us who are accustomed to deal with figures- and 
I suppose that includes almost every one within this room- the 
question naturally arises what percentage do your Members 
represent of tin* total body of engineers, Ci\il, Meehanieal ami 
Flectrieal within tin* subcontinent of India. I am not going to 
attempt to answer that question for several reasons, of which l 
need only give you I lie last and most convincing namely, that I do 
not know the proper answer. I5ut 1 think T am correct in believing 
that there are still a large number of engineers at work in India 
who are eligible for membership but who Inure not as yet joined 
your Institution. One reason for this which has been suggested 
to me is that they are already members of the parent Institution 
in London and that they are quite content, to rest their oars upon 
this qualification. With all respect, to them, I suggest that it is 
possible to take another view of the matter. They might, I think, 
look beyond the present and they might also look beyond their own 
immediate and personal interest in the question. Beyond the 
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present, because*. one can only interpret the significance of to-day 
I ' v reference to the history ot yesterday an<l what so far as human 
foresight can judge, we believe tomorrow will bring forth. And 
I suggest to such that anyone who contemplates the great industrial 
and commercial future which must lie before India, by virtue of 
its very si y.c and population ami its natural resources, can 
entertain no doubt as to tin* countless possibilities of development 
in tins great country. Assuming that it has already a large and 
oiosperous net work of railways, there remains tin* fact that as 
judged by either area or population, the mileage of railways is lar 
below' I he provision which exists in many other countries. Admit 
also that India possesses great and heneticent irrigation works, to 
which at present substantial additions are being made, it remains 
true that there is much still to he done by the irrigation engineer 
in a country the value id’ whose crops is Its. GOO crores per annum. 
Turning to a still older medium of transport, the load we line] 
it lacing a now and greater future b\ reason of the development of 
motor transport. The possibilities of road development, accom 
panied of course by motor transport, are only beginning to be 
examined and if the ("ommittee which is now' at work is able to 
bring into being a body which will operate with the same clliciency 
as the Ministry of Transport does in England, we may look to 
* i lorn i ons improvements both in the state of existing roads and in 
the const ruction of new feeder roads in every piovinee of the conn 
try. Willi this road development, there will inevitably conn* pari 
fHix.su t he growl h of a motor trade which will make our present 
motor trade 1 , in itself no inconsiderable item, fade into insigni 
Ucnce. 1 am told that in the United Slates there is one ear for 
every (i inhabitants, and in India 1 for c\ ci y L\(>t)0 so that with 
the increasing wealth which we hope 1 the future* will biing to India, 
there is a large* margin for expansion. Nor is the* da\ far distant 
w hen we should see* the 1 beginnings of an indigenous motor indus 
try. Adel to suedi developments the* pofemt ialit ie*s of this country 
5 n the great manufac! uring industries, w hem the* achievements of 
science are wedded to the* skill of Indian engineers and to enlarged 
liuancial resources,- the weaving of cotton goods e>f tin* finer 
epialities, the utilization of our natural resources in the* eliemieal 
Industrie's with their emdlcss ramiiieat ions, the* manufacture* e>f 
glass and pofte»ry ami the* possibilities of mining! and smelting the 
non ferrous metals. I am not of course* suggesting that such devel 
opment is a mailer of the iie*ar future* and l admit that from some 
standpoints, one cannot irgarel altogether with equanimity the 
prospect of India changing over from being primarily an agricul- 
tural country to becoming one which is studded with factories 
and workshops. Personally, I hope that such 1 development will be 
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of slow growth, because 1 should like to see it effected without 
recourse 1o the doubtful medium of ‘protection/ Rut I have 
ventured to suggest these possibilities on the far* horizon as 
showing the opportunities which 1 think will sooner or later come 
to members of your profession. And I suggest that those who 
launch such schemes will, inevitably, conic* to utilise more* and more 
tin* Engineer and Scientist who has been bred and trained within 
this country. If that view be correct, it must follow that your 
Association will grow with corresponding speed and strength and 
that so far as Indian Engineering is concerned, it will at some date 
in the future become the dominant body of the profession. 

1 suggested also that this question should be looked at from a. 
wider stand point than that of the individual concerned. Those 
members of the British Associations who have hitherto stood aloof 
might ask themselves whether their obligations towards the 
country of their adoption and towards those who have worked in 
that country under their guidance and supervision does not render 
it incumbent upon them to do what lies in their power to assist 
(he Indian aspirant towards hitiher efficiency and a wider sphere 
of usefulness. Holding as I do that the answer to this question 
must be in the affirmative— it is with pleasure tliaft I extract from 
a recent report made to me by the engineer in direct charge of the 
King George's Doek where Jt Indian civil engineers* are cun ployed, 
tin* following :-~“So far as possible, measures have been taken to 
give the Indian engineers opportunities to broaden their experi- 
ence. Lectures and discussions have, also been promoted, to enable 
them to grasp the underlying principles of the work and to expand 
their interest in sections of the work other than those on which 
they were mi gaged.” 


This brings me naturally to a difficult and somewhat coutro 
versial subject but one which is present in the minds of most of us. 
that is to (lie insistent demands from young India for a larger 
share in the higher po*tts of administration, engineering and other 
professions. With that demand there is a great and growing 
sympathy but it is tempered, I think, in the minds of thinking men 
with certain qualiiications. If there is at present a gap between 
these high posts and the Indian aspirants, that gap can be tilled 
only in one of two ways, either by a lowering of the standard ol 
efficiency and attainment or by an improvement in the level of tho.-»e 
who aspire to the higher posts. The former alternative should ! 
think — and I see other speakers have at other meetings expressed 
the same view — be definitely disowned both in the real interests of 
the aspirants themselves, and in the wider interest of the country. 
It is to the latter alternative, an improvement in educational and 
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technical equipment, in keenness, in initiative, in the lialH t of 
taking and bearing responsibility, by the Lndian, and last but not 
least in the preservation of these qualities throughout a working 
life, to which we should nail our flag and to which we should 
stead lastly adhere. 

I am aware that what I say will not satisfy everyone hut 1 
doubt whether some of those I have in mind would Ik* satisfied with 
anything I might say. There are some who received f In* 
announcement of any further advance in the direction desired not 
merely with indifference but with artive hostility. In fact, they 
remind one of the story of the little boy, who when asked whether 
he would like to see the little sister which lh$ stork had brought 
him, replied, that he did not want to see the little sister, but he 
did want to see the stork. 

May 1 conclude by quoting a passage which seems to me to 
suggest the highest ideal which any engineer can place before him. 

It is taken from a well known book by a well-known American 
Railway Engineer, Wellington’s Railroad Location. It is as 
ioIIowh : — “The desire to do good work for its own saki* is then 
Uie only real guarantee that good work will he done; for although 
s kindly Providence lias given the latent power to do had work of 
this kind to every human being with a tolerably observant eye and 
intelligence enough to lay up bricks, most assuredly the power to 
do good work will not come by nature,” and he concludes his 
chapter by himself making a quotation from another great 
American thinker, Emerson, which is, 1 think, also worthy of 
quotation : “Work is victory, wherever work is done, victory is 
obtained. There is no chance, and no blanks. Aon want hut one 
verdict : if you have your own, you are secure of the rest.” 

If 1 felt any doubt about the reality of these sentiments it 
would be dispelled by one outstanding example ol an eminent, 
Indian business man and engineer who, aiming neither at money 
a or fame, has yet found both as well-earned rewards of the 
'udustry and integrity which he has placed foremost throughout 
his life — 1 mean the gentleman with whose name this least is 
associated — Sir Rajcndra Nath Mookerjce. 

Gentlemen, I ask you to rise and drink tin* Toast The 
Institution of Engineers (Imliap” 

Six Rajendranath Mookerjce in responding to the toast “ The 
institution of Engineers (India)” said: — 

Your Excellency Mr. President and Gentlemen, I rise to 
espond to the toast; of the Institution of Engineers (India) which 
has been so eloquently proposed by my friend, Mr. Stuart Williams, 
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in siidi sympathetic ami instructive terms, ami honoured so 
enthusiastically by you all. Looking round the table I see signs of 
surprise in your faces as to why I should again come ftp before you 
to respond to this toast. I can assure you that 1 am not so 
ambitious, at my age, to force myself into this honour, but all 
other past Presidents excepting Mr. Rurkinshaw are abroad at the 
moment and Mr. Rurkinshaw has been commanded by his doctors 
not to strain his voice. Apart from the disadvantage to me, I am 
painfully conscious of the disappointment I will cause, to you all. 
1 have not been in close touch with the work of the Institution 
during the last two years owing to my varied public, duties which 
necessitated my absence from Calcutta fora considerable time. 
Indeed, I feel luyseff to be a back number now, being the senior- 
most past President, having liad the honour of being elected as 
President at tin* Inaugural Meeting of the Institution. Still 1 wish 
to express, however feeble my voire is, both in my personal capacity 
and on behalf of the Institution, our grateful thanks to Mr. Stuart 
Williams for his appreciation of the institution's work and tin* 
kind and battering words he has said about me only to make me 
blush before so many young men. Mr. Stuart Williams occupies 
an eminent position and his encouraging words will stimulate 
lively interest in tin* Institution's work. 

Mr. Stuart Williams lias, with some reason, twitted tin* 
Engineer for sheltering his estimates behind “ contingencies.” 
Perhaps he forgets for tin* moment that no administrative oflirer 
from the Chancellor of the Exchequer downwards, not oven the 
Chairman of the Port Commissioners, can escape from the use of 
this very useful provision. The Engineer has some justification, 
for when he digs the ground In* cannot know what dilhculties each 
foot of the mother earth may bring forth and may upset' his care 
fully worked estimates. The narrow-minded Accountant has also 
come in for Mr. Stuart Williams' banter, but here too I am afraid 
there is no escape. 1 have beard high officials of Govern men i 
swearing at Accountant- -Generals for disallowing travelling bills. 
Rut I am not sure whether sueli trilling items pertaining to the 
Chairmanship of the Port Trust an* subject to audit ; if not, I con 
gra til late Mr. Stuart Williams on his exceptional luck. 

I heartily endorse every word of Mr. Stuart Williams’ speech 
wherein he makes a forcible appeal to engineers who are members 
of the parent Institution in London and have not joined our 
Institution. I hope his message will be read by all and carry fcon 
viction to their minds. 

The wise and encouraging words, which Mr. Stuart Williams 
has said about lndiauisation, are very welcome to us Indians* I 
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thank the Tort Commissioners on the methods they have adopted to 
(rain the young Indian engineers. As an Indian, I have no hesi- 
tation in affirming that we appreciate the 1 need of the development 
of those qualities on which Mr. Stuart Williams has laid emphasis 
hut, provided skill and efficiency are equal, preference should he 
given to an engineer of Indian domicile in his own country. 

It is essential that the status of the Institution should he clearly 
established and it was with this object that both at the Inaugural 
Meeting and on the occasion of the Fourth Annual Dinner 1 pleaded 
for directing our nffortH towards raising a reserve fund of a lakh of 
rupees, having a home of our own and increasing our membership 
roll, conditions, which I was told in a casual* conversation by the 
then Viceroy Lord Chelmsford and Sir Thomas Holland, might 
scenic for the Institution a Royal Charier of Incorporation. 1 
appeal to you again to strive to fullil these renditions, for the 
Royal Charter means a recognised status which in turn will accele- 
rate the pace of progress. As an earnest of this appeal l promise 
a contribution of Rs. 10,000, i.c. Rupees Five thousand each from 
I lie firms of Martin and Company and Kuril and Company respec- 
tively, provided the Institution can raise* an aggregate of Rupees 
Fifty thousand from other engineering linns of India. 

In conclusion, (icntlemcn, I thank you for the* cordial manner 
in which you have received the toast of the* Institution and for your 
good wishes for success which Mr. Stuart Williams eloquently con- 
veyed in proposing the toast. 



WATER SUPPLY BY DECENTRALIZED 

STORAGE. 


BY 

F. C. GRIFFIN, Member. 


GENERAL. 

Maintenance charges in connection with the municipal water 
supplies of Bengal are met principally from income obtained by 
the imposition of water rates. In many waterworks in different 
parts of the world, the income is obtained solely by charging for 
quantity consumed, a»s measured by meter. This is a satisfactory 
method, and has been applied in Bengal at Kalimpong (a non- 
municipal area) without any difficulties having arisen. It is 
however not applicable to the municipalities of Bengal-, for the 
simple reason that the large majority of the people are too poor 
to lie able to afford house connections. In order to give such people 
drinking water, street stand posts have to he erected, from which 
they carry away water in their own vessels. Obviously it would be 
impossible to maintain the waterworks unless these people were 
called upon to pay something, and also it would be unfair to let 
them have water free of any charge while the few people who have 
house connections met the whole cost by their meter payments. 
Under such circumstances no one would take house connections. 
The imposition of water rate is therefore necessary, and this is 
based on the valuation of holdings, so that householders pay 
according to their means. 

In addition to the street supply, however, householders who 
can afford it are allowed the privilege of a private house connec- 
tion. They have to pay the whole cost of such connections, and 
in addition are generally called upon to pay a fee or “ contribu- 
tion ” to the general waterworks funds. But in practice this has 
introduced a very serious difficulty. The householder who pays 
his water rate is under the impression that he can take as much 
water as will run out of his taps. He and his family do not 
trouble to turn off the taps, in fact he lets them get out of order, 
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and remain so, and great waste of water occurs. To combat this 
difficulty, a system of metering of house connections has been put 
into practice. The meters are supposed to be read regularly, and 
a charge made for excess consumption. According to a code of 
by-laws, a free allowance is settled for each house, — based on the 
amount of water rate paid, — and any water consumed beyond 
that allowance is to be paid for at a certain rate per 1,000 gallons. 
The intention of this arrangement is twofold, first, that the 
householder, knowing that his allowance is limited, will economize 
water so as to avoid the payments for excess consumption, second, 
that an additional source of income will be found in such excess 
consumption charges as are imposed. 

In practice, however, the system lias not worked well, and 
attention is drawn to the following statement, which shews the 
position with regard to metering in the principal waterworks of 
Bengal. 


s 




Number of 



Name of Waterworks. 


House 


Meters 

Meters 




conncc- 

fixed. 

in 

read regu- 




tions. 

order. 

larly. 




#• 




1 

Serampore . . 

• • 

456 

62 

7 

7 

2. 

Hooghly-Chinsurah 


700 

696 

447 

Reported 

Nil. 






in order 


3. 

Uttarpara 

, t 

118 

115 

106 

1J5 

4. 

Howrah 

9 • 

7077 

1228 

1132 

1132 

5. 

Burdwan 

• 9 

606 

6 

6 

6 

6. 

M idea pore .. 

9 9 

116 

113 

Not known 

Nil. 

7. 

Berhampore (under the 






controi of Public Health 


239 

198 

239 


Deptt., Bengal) 

. . 

239 

8. 

Krishnagar , . 

• • 

156 

156 

154 

156 

9. 

Barisal 


80 

80 

2 

2 

10. 

Darjeeling . . 

. . 

529 

183 

175 

183 

11. 

Dacca 

m , 

1730 

589 

180 

180 

12. 

Chittagong . . 

, , 

540 

432 

379 

379 

13. 

Comilla 

m , 

137 

55 

Not 

read 

14. 

Mymensingh 

•• 

345 

83 

75 

(275 meters 

75 

purchased) 

15. 

Narayaoganj 

•• 

473 

47 

Not known 

Nil. 

4 


E 1 
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With regard to tills negligence in metering, a tact should 
be mentioned which applies to the older water works. In the 
case of house connections which were given prior to 1910, the 
Municipality has not yet been given powers by which it can 
oblige the householder to meter liis connection at his own expense. 
Meters could however be fixed at the expense of the Municipality 
A perusal of the statement leads one to the conclusion that tlu 
policy of charge by combined water rate and meter lias not 
up to the present been successful in Bengal. The fact of the ease 
is that metering is often looked upon with disfavour hy municipal 
authorities, and when meters are lixed, they are often allowed to 
get out of order or are not read. 

And for a full appreciation of the circumstances one must 
put oneself in the position of an average householder, — the man 
who pays his rates and who really wishes to avoid doing anything 
detrimental to the waterworks, lie does not waste the water 
himself, and being away on business all day does not know what 
wasting is done by his family or servants. In fact he has no 
means of knowing whether u waste ” has occurred, — whether 
his free allowance is being exceeded, until some time after tin* 
cud of the quarter, when he is suddenly faced with a bill. Being 
a man of moderate means, lie naturally objects to pay this, 
especially as it is in the nature of a line, — a payment for a thing 
not really received (actually the water ran away down the street 
drain!}, lie calls on his neighbour to ventilate his grievance 1 , 
and finds him ready to lend a sympathetic ear, as he is in the 
same position. Others are brought info the discussion, and 
finally a plot is hatched whereby some method of evasion oi 
payment for excess consumption is devised. 

As will be seen later on, the system now suggested would 
put the householder in a very different position. On his return 
home from business, lie will find out at once that waste of water 
has occurred. He will immediately discover the culprit and will 
suitably chastise him, and thereafter such waste of water will 
not occur again. He will himself look round his taps, and when 
lie finds one requiring a new washer, will at once send for the 
plumber aud have it put right. 

In addition to the wilful and careless waste already men 
tioned, there are however forms of waste which are, to a certain 
extent, unavoidable in the present system of water supply. Owing 
to shortage of funds, it is impossible to construct waterworks of 
anything more than a very limited capacity for Bengal muni- 
cipalities, and in order to ensure that everybody gets some 
amount of water, intermittent supply has to be resorted to. The 
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people of lSengal muiii(*ipalitics have grown accustomed to the 
idea of intermittent water supply, since they June never known a 
continuous one, and an intermittent supply is hotter than none 
at all. Such a form of supply however brings with it a train of 
evils, the chief of which is that waste of water is actually caused 
by it. For a householder, knowing that the supply will be avail 
able for only a short time, draws considerably more water than 
he wants at the moment, and stores it, generally in open vessels 
or tanks (chowbatcluis). Only a part, of the water is used, and 
the remainder lies in the open tank, exposed to any accidental 
pollution. When pressure comes on the mains again, the 

ihotrbatcha is lirst completely emptied, and is then reiillcd with 

Iresli water. This is a practice which cannot be condemned, 
although it means great waste of water, for the water remaining 
in the open tank cannot be considered safe for drinking. The 

remedy for the wastage lies in the abolition of the choubatrha 

and the substitution of a covered lank with locked lid, arranged 
so that pollution cannot take place 1 . The amount of water wasted 
from a choirbatclui would in many cases be sulHcient to supply an 
additional house connection, and the present waste of water in a 
few connections prevents the making of more connections which 
are urgently required. * 

The intermittency of household supply is in addition a source 
of annoyance and expense to the consumer, annoyance in that 
sonic 1 times Ik* happens to have no water stored, and on coming 
to the tap linds uo water there either,— and expense in that he has 
to provide additional vessels for storage. 

The following method ol waterworks design will overcome 
the* dilliculties referred to above and will in most cases give a 
supply at reduced capital cost. The main point of difference 
from the present system is that the necessary storage will be 
'decentralized; in other words, that small storage reservoirs on 
the roofs of houses and at the sides of roads w i 11 be substituted 
for the central reservoir. 

In the present system, water is pumped Jrom the source of 
supply at a constant speed into a central reservoir from which 
l gravitates to the consumer at a speed varying with the demand. 
\ny excess demand beyond the pumping rate is made up by the 
water stored during the time wdien consumption is less than the 
uitnping rate. The pipes of the distribution system are designed 
o supply the maximum demand, which may be anything from 
wo to five times the average. 
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Theoretically this system of design is the best, and, in 
countries where the climate and the habits of the people do not 
conduce to excessive waste, it cannot be improved upon. It 
should be clearly understood that the author is not putting 
forward these* suggestions as a general improvement on the 
existing system, but as a means of meeting the particular needs and 
conditions of Bengal. In Bengal, indeed in most parts of India, 
the climate is such that both rich and poor, European and Indian, 
tend to use water very extravagantly. In wealthy communities, 
the way (o meet the situation is obvious, viz., to supply abundant 
water. But the luul'ussil towns of Bengal are the reverse of 
wealthy communities, and yet the vital necessity remains, — that 
of providing a pure water supply. The quantity given rnnst at 
least be sufficient to supply every one with water for drinking 
and cooking. Something must be done therefore to meet the 
requirements in such a manner that wastage will he prevented. 

The author also wishes to make it clear that he does not 
claim that Ids proposals are all novel. Supply of water without 
central storage and direct into road side tanks lias already been 
put into practice in a few towns of Bengal, and a number of 
schemes have been designed on this basis. In other water-supply 
schemes in different parts of the world house supply is being done 
from roof storage tanks. The present proposal is simply that the 
application of (he system be extended and be made more prac 
tieable by means of a generally higher pressure of supply, and 
that tin* principles and rules under which house connections are 
given in Bengal should be clmuged. 

DESIGN OF T1IE SYSTEM. 

The general principle of the system is then that, in addition 
to street storage (auks, each house connected to tin: mains will 
have a storage tank on its roof, or in an upper storey at such 
a level that it will command all the taps required in the house*. 
The connection from the street main to the tank will be controlled 
by “ check pipes ” (to be described later) so that only the quantity 
of water to which the householder is entitled will pass during 
the hours of pumping. The outlet from the tank will be a larges 
pipe connecting to as many taps as the householder desires 
During the hours when the household demand is nil or very small, 
the water level in the tank will rise, and during the hours of 
heavy demand the water level will fall. In this system, economy 
in the use of water by the householder would be automatically 
obtained. If one person leaves the tap running or uses an 
unnecessary amount of water in his bath, the supply in the tank 
will be exhausted, and others will have to wait until it has bad 
time to recuperate. The head of the house will see to it therefor* 
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that such waste does not occur. The capacity of the storage 
Link should be of at least one day’s consumption! so that as a rule 
the tank would not become empty except by excessive use of the 
water. 

The engineering points involved in such a system will now 
be considered seriatim. 

THE CENTRAL PUMPING STATION. 

Pumping will have to be carried on for the same number of 
hours each day in spite of variations in the daily demand. 
There will also be variations in the demand during the 
day, owing to the closing of the ball valves in those tanks which 
have become full, or re-opening of the same. It Follows therefore 
that a pumping installation must be installed capable of main- 
taining a constant head in spite of varying demand. With steam 
plant this is perfectly simple, as it can be worked at anj speed. 
Tin* speed of an oil engine however can only he varied by about 
10 per cent while it is running, so that in oil driven plant, one 
of different alternatives must be adopted, some of which arc : — 

(a) The supply to be given by centrifugal pump. This Form of 
pump will deliver a varying quantity of water at a practi- 
cally constant head, and it is possible? to run such a pump 
against the pressure in a closed main. If no water is 
being drawn off, the water will simply slip at the pump. 
This method is not however to be recommended, since the 
full horse power op the engine is being absorbed although 
no water may be delivered by the pump. 

(/>) Some form of variable speed gear may he inserted between 
the engine and the pump. In this line there? are recent 
inventions, notably the “ P. I. YV’ (Positively Infinitely 
Variable) gear, and the Keonok gear. The writer has not 
yet had an opportunity of testing either of these mecha- 
nisms, but lie is confident that it is not beyond the power 
of the modern mechanical engineer to produce a really 
satisfactory infinitely variable speed gear, capable of trans- 
mitting such horse- powers as are generally required in 
waterworks pumping plant. 

(c) The pumping capacity may be divided betwecu smaller 
units, and the drive can be through a counter- shaft with 
fast and loose pulleys, so that one, two, or three pumps 
can be thrown in as required. 

(d) In three-throw ram pumps, the pump may be designed* 
so that either of the rams can be independently by passed. 
This system, combined with the available variation In speed 
an the engine, would give the required variation in supply. 
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The man on duty in the pumping station would have to keej, 
an eye on the pressure gauge, and vary the machinery as required 
in order to keep the pressure constant. A Bristol automatic 
pressure recorder would also he fixed in the pumping station, in 
order to check the work of the attendant and to maintain a 
record wherewith to combat complaints which might he received 
as to shortage of pressure. 

In the case of pumping direct from a clear water reservoir 
or from a tube well, it would he advisable to insert a large air- 
vessel immediately after the pumps, or else a standpipe. When 
pumping direct through a pressure filtration plant, an elevated 
storage of a small quantity of wash water is required, and this 
elevated reservoir may be used as a pressure regulator. One 
method by which this can he done is shewn in tin* diagram, 
Plate 1 . 

HOURS OF PUMPING. 

The pumping machinery, filtration plant (if any), and distri- 
bution system will of course be designed to supply in a certain 
number of hours the maximum daily quantity of water required. 
This number of hours varies according to circumstances, but is 
generally taken as eight, — the ordinary duration of one shift. For 
pumping station attendants however, Ibis can be stretched to ten. 
The number of hours should he as long as possible, as thereby the 
capacities of pumping and filtration plants can be reduced and 
consequently a reduction in capital cost effected. The question 
as to whether a further reduction in capital cost is necessary ut 
the expense of an increase in maintenance cost (by working two 
shifts) is a matter for consideration in each individual case. One 
point must however be made clear, nc\, that in this proposed 
system of supply, pumping will have to be carried on for the full 
number of hours per day right from the commencement of opera 
tion of the waterworks, since each house connection pipe will be 
regulated so that the required quantity of water passes, in the 
fixed number of hours. This may be advanced as an argument 
against the proposed system, but it has not much force, since in 
most waterworks that have been started, a very considerable 
number of house connections have been made within a short time, 
and the full demand has soon come cm to the system. So that tin* 
lack of economy caused by long hours of pumping in spite of 
small supply will be of short duration. 

DISTRIBUTION SYSTEM 

As has already been stated, in the usual method of water 
works design, the distribution system is arranged to deliver water 
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at a rale J to o times the average. In the proposed system tlie 
pipes ran be designed to deliver at the average rate, \since the 
storage is at the end of the mains instead of at the beginning, 
’rids means an economy in the pipes, but against the reduction 
in the size of pipes enabled thereby must be placed the need for 
an ample rapacity so that the drop in pressure due to friction 
losses will be small. In order to maintain a eonslaint ilow 
through a service pipe and give a fixed number of gallons per day 
io the house, it is necessary that a practically constant pressure 
shall be maintained on the street main from which the house 
connection is takeu. In order to provide a distribution system 
economical in first cost, it is therefore proposed that the town 
should be divided into zones of supply. The pipes within each 
zone Avili be of ample size so that the drop in pressure in them 
is very small. Each zone will be fed at its centre b\ the trunk 
main from the pumps, and at (hat, centre will be placed a pressure 
reducing valve. The function of flu* reducing valve is to give a 
constant pressure at its outlet in spite of a varying pressure at 
its inlet. The usual drop in pressure may therefore be allowed 
in the trunk main, and a constant pressure 4 (which must be a little 
more than the height of the highest house to be supplied), will 
be maintained in the branch or zone mains. This method of 
distribution will also enable the decentralized system to lx 4 applied 
lo towns in Avhieli there are differences of level, for the zones can 
be arranged in areas of about the same level, and constant 
pressures thus maintained. 

Plate II shews a plan of a distribution system designed on 
I hose principles, while Plate III gives a. longitudinal section 
shewing the hydraulic gradients. Tin* example taken is that 
English Jlazar. a town in the Malda district of North-West 
Pen gal, having 15,000 inhabitants to be supplied with 100,000 
gallons of water per day. The toAvn naturally divides itself into 
six zones, and these can be fed by the pipe system shewn. It will 
be seen that near the pumping station there are no houses except 
three large ones, the Collector's and Police Superintendent’s 
quarters, and the Dak Bungalow. It would be scarcely necessary 
to put in a separate zone and reducing valve for these three 
houses. They can be connected direct to the trunk main, and 
would in consequence have a larger number of check pipes. The 
pressure in the trunk main near the pumping station will be fairly 
‘ons taut aud therefore the flow to the storage tanks of these 
bouses will be sufficiently regular. 

Plate III is a section on the longer of the two trunk maims, 
continuing through zone No. IV, and is self-explanatory. 
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SERVICE FIFES. 

The function of the service pipe is to deliver winter from tilt- 
street main direct to the roof tank. It is to be regulated so that 
it will deliver not more than a certain number of gallons during 
the hours of pumping. That number of gallons will correspond 
to the amount of water rate paid by the householder, according 
to a fixed table of allowances. Rules will have to be formulated 
lixing the allowances and regulating the granting of house con- 
nections. A draft code of Rules is given in the appendix, and 
these will be further discussed later. For the present, however 
it will be seen that a service pipe is to deliver a certain number 
of gallons at a uniform rate during the whole of the pumping 
hours. Its size can therefore be smaller than a service pipe under 
the present conditions of supply, — conditions under which the 
pipe is generally requires! to deliver nearly the whole of the daily 
supply in 2 or 3 hours. A I" service pipe will be found suflieieut. 
in all ordinary cases and in many eases a pipe will deliver all 
the water required. But the pipe must be provided with sonic 
means whereby tin* flow can be cut down to the rate at which only 
the required daily quantity passes. Obviously from the purely 
mechanical standpoint, the simplest tiling would he to insert a 
tap, which can be regulated down until the required flow passes. 
But a tap, and even a locked tap, would afford too great a. tempta- 
tion. and could be too easily opened so as to allow more than the 
stipulated quantity of water to pass. To overcome this difficulty, 
the system of check pipes, shewn in Plate IV, is suggested. In 
this, the connection is coupled on to the main by means of an 
ordinary ferrule, — a stop ferrule would be unnecessary. A stop 
tap is required for completely shutting off the connection when 
necessary, and this should be placed in a surface box at the flank 
of the road. Next to the stop tap, — and accessible from the same 
surface box, — is a fitting containing a coarse strainer, the function 
of which is to catch any bits of scale or other solids which might, 
Choke the check pipes. Immediate following, and still in the 
public, street, are the check pipes. These consist of 6" lengths 
of V pipe, with copper tubes inside them run in with pitch or 
lead, as shewn in figure 2 of Plate IV. The size of the copper 
tubes will be \" , tV\ or as required, and tlie number of check 
pipes to be put in series will be determined by experiment in each 
case. After tlie roof tank is fixed, and when pressure is on the 
main, it will be an easy matter to arrive by trial and error at the 
number of check pipes required. The rise of water in the tank 
can be measured for say half an hour, and from that the rate of 
flow can be seen. After the first few connections have been made, 
the fitters will be able to decide on the right number of check pipes 
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very quickly. Experiments have been made with a few check 
pipes, the results of which are given in the following table: — 


Test. 

Size of 
copper tube 
inside the 
i” pipe. 

Length and Particulars. 

Discharge in gal- 
lons per hour 
under head of 

5 ft. 1 10 ft. j 15 ft. 

1 

1/4” 

One length, r—0” long 

54 

78 

102 

2 

9 1 

The same tube cut into two pieces and 
joined by two sockets with P'j 

nipple between 

48 

72 

90 

3 

» » 

The same again, but joined by one 
j socket so that the space between the 

I ends of the i” tubes was a little less 
than i*’ 

51 

78 

96 

4 

,, 

Two 1’ — 0” lengths in series 

30 

42 

60 

5 

» f 

J Three T — 0” lengths in series .. 

27 

36 

48 

6 

3/16” 

|One length 1’— 0” long, with slight 
bends at the ends 

34 5 

49*5 

60 

7 | 

1/8” 

Two P — 0” lengths in'series 

9 75 

15 

16 5 


Test No. 2 in comparison with No. 1 is interesting as shewing 
(he effect of making a break in the copper tube and introducing a 
little chamber between the two ends in which Joss of bead takes 
place by eddies. No. 3 test shows that the two ends of copper 
tube must be separated by a. sufficient distance in order to allow 
such eddies to take full effect. Cheek pipes as shewn will be made 
quite cheaply. A good leuglli of pipe would be run at one time, 
and would be subsequently cut up into (>" lengths, the ends ol 
which would then be threaded. The ends of the copper tubes must 
not of course be bell-mouthed. 

4 *. 

It will be seen that the object of the substitution of check 
pipes for a partially closed tap is that in this method of regulation, 
if will he a somewhat prolonged and difficult operation to make the 
alterations necessary to get more water, and that, such alteration 
can only he made publicly and in broad daylight, and consequently 
with the consent oi' the municipal authority. 


ROOF TANKS. 

It is important that the roof tanks shall he installed in a 
proper manner. To drop a tank on a roof in the casual fashion 
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with which many of the roof tanks in Calcutta have been treated 
is not at all in conformity with the present proposals. Suggested 
arrangements for the roof tank are shewn in the drawiftg Plate V. 
Galvanized iron tanks will generally he used, hut any householder 
who is willing to spend a little more money should he encouraged 
to put in a reinforced concrete tank. The capacity will he usually 
about a day’s supply, hut if a householder wishes to have more 
storage so that surplus water from one day may he used the next, 
there is no reason why lie should not provide larger tanks. In a 
town in which filtered water is used for water closets, a house 
provided with sanitary liftings should have two separate storage 
tanks, one for drinking water and one for flushing water. The 
principles (o he observed in the installation of the tanks are: — 

(u) The tanks must he protected from the weather, especially 
the heat of the sun. To this end the tanks may he placed 
in an upper storey, or if placed on the roof, must be provided 
with a covering. Alternative methods are shewn on the 
drawing. 

(b) From the bottom of Hie tank, — not the side, — one large 
sized down pipe is to run right down to the ground, ter- 
minating in a valve* of the same size. Branches are to he 
taken off this main pipe to the various taps as required. 
The object of the large pipe to ground level is that the lower 
end of the pipe will act as a sump for collecting any sedi- 
ment Hint may form. This may be removed periodically, 
and the tank washed out by simply opening the valve at 
ground level. 

(c) Both the up and the down pipes should be fixed on the 
north wall of the house thereby getting protection from the 
sun. 

It is a fact that in England storage tanks are often looked 
upon with disfavour. But the Eastern house and the European 
house are quite different. In England the storage tank has, to be 
tucked away under a sloping roof and is always difficult of access 
for cleaning purposes. In Bengal all the roofs are flat, and in 
most cases the roof is made accessible by a staircase. A tank 
placed on the roof will therefore be easily accessible, and will not 
be forgotten. 

The responsibility for tin* installation and maintenance of the 
roof tank will he placed upon the householder. This is arranged 
for in the draft rules. 
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In the case of £i house in which the structure is too wen k to 
carry the weight of a tank, a steel staging may he resorted to if 
the householder is prepared to pay for getting his water at an 
elevation. Otherwise a tank at ground level may he installed. 

STREET TANKS. 

For the street supply, storage is again necessary. Tanks on 
pedefctals may he placed at road junctions or other convenient 
points. Two designs for tanks are shewn at figures 1 and 2 on 
Elate VI, — many other arrangements are possible. In the case 
of a narrow bazar street where there is no room lor tanks, one 
larger tank may he placed on the nearest open space, and a pipe 
run along to feed a few stand posts in the street. The tank may 
he placed about 8 feet above ground, and may he made into a 
street shelter, as shewn at figure 3 on Elate VI. In each ease, 
the number of people likely to draw water from a particular tank 
must he estimated, and the connecting pipe, with its check pipes, 
must be regulated so that the quantity of water to which they are 
entitled according to the design of the scheme passes into the tank 
during the hours of pumping. In most Eengal towns people of 
one community live together in one section (or mahallah) of the 
town. Arrangement would always he made so that each mahallah 
would have at least one tank to itself, and communal difficulties 
would thereby be obviated. 

All tanks, either in the street or on roofs, will of course he 
provided with hall valves, so that, when water is not being drawn 
olf at the maximum rate provided for, the ha 11- valve will rise on 
the tank becoming full, and wastage will he* prevented. 

FIRE PREVENTION. 

In practically none of the waterworks in Bengal have tire 
hydrants been fitted. Very few of the smaller municipalities 
possess tire appliances of any description. Even if tire engines 
or hand pumps were installed, there are generally plenty of tanks 
from which water could he drawn, so that the waterworks would 
not he called upon to supply water. Nevertheless, lire hydrants 
could he provided in the proposed system, though of course they 
would have to be kept securely locked. A water jet would be 
more efficient in this system owing to the higher pressure. The 
reducing valves could be of the type in which a fitting is 
provided whereby they can l>e temporarily thrown out of action, 
and the full pressure given to the zone. The feeding of roof 
tanks would of course be upset for the time l>eing, but that would 
be only of rare occurrence. 
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The best system for watering the streets is to use water-carts, 
and these could be conveniently filled at the large tan£s, as illus- 
trated in figure 3, Plate VI. The system of watering by jet is not 
a good one in any case, as it leads to waste of water and reduction 
of pressure due to leaking ground hydrants, and also breaks up 
and washes away the road surfacing material. 

MODEL RULES. 

A suggested code of Rules is given in the appendix. The 
various points in connection therewith can be seen from the 
following explanation of the rules, taking them seriatim : — 

Preamble . — This is similar to the preamble of the existing 
rules. 

Rule 1 . — This is self-explanatory. It is considered advan- 
tageous to have the house connection rules printed on the back 
of every application form, so that there can be no question of a 
householder not having seen the rules. 

Rule 2 . — A fee will be taken, as in the present system. The 
amount of the fee will however be less, as explained hereafter. 

Rule 3 . — This rule must be more rigidly enforced in the 
proposed system than in the present system. 

Rules 4 & 5. — Since the regulation of the quantity of water 
depends on the service pipe, it is important that the Municipality 
shall retain control of the same. Hence the proposal that the 
service pipe and its appurtenances shall be provided by the 
Municipality aud shall remain its property. 

It is proposed that the sketch plan of a typical installation 
be multiplied off, and that a copy of the plan be given to every 
householder who takes a connection. There will then be no 
excuse for failure to understand liow the wash-out pipe should be 
fixed, the tank protected from sun heat, etc., etc. 

Rules U, 7 & 3 . — The cost of the part of the house connection 
to be paid for by the householder will be a little more than the 
amount he has to pay according to the present system. He will 
not have to pay for a meter, nor the service pipe up to his roof, 
but the cost of the tank, with protection over it, etc., will be 
greater than the savings.. If the total cost of a house connection 
under this system is to be greater, the system will not be popular. 
It is therefore proposed that the fee payable under rule 2 shall 
be reduced so as to make the total cost of an average connection 
about the same as at present. 



GRIFFIN ON WATER RITI'LY. 3fl 

The quality and the capacity of the storage tank (or tanks) 
will he left to the decision of the householder. Some will prefer 
to spend a little extra money and have ample storage and tanks 
of stronger material, while others will do the work as cheaply as 
possible. This does not matter to the waterworks— the tank 
belongs to the householder,— a cheap tank will not last so long 
as an expensive one. The capacity makes no difference to the 
daily quantity of water supplied. A capacity of about one day's 
supply will generally be found sufficient. 

The cost of an average connection works out to between 
Its. 1570 and Us. 300, which is about Its. 100 more than the cost 
of a connection on the present system. 

Rule 9 . — Glider the proposed new system, water rate will be 
imposed as heretofore according to the valuation of the holding. 
The service pipe will be made such that approximately the daily 
quantity of water to which the householder is entitled will reach 
the storage tank during the hours of pumping, — that amount and 
no more. Several difficulties in the present system of water 
supply are met and dealt with by this rule: — 

(«) At thq lower limit, the case of the poor man who lives in 
a very small house and cannot affrfrd to pay much water 
rate is dealt with, in that however small the water rate he 
pays, he will not get less than 120 gallons per day. 

(b) At the upper limit the case of the rich man, living in a 
big house, is dealt with. Owing to the large amount of 
water rate he pays, he would under the old rules be entitled 
to a great deal more water than he can possibly use legiti- 
mately, and his household would therefore waste it. In 
these rules a limit is set to the quantity of water to be given. 

(c) The case of the man of moderate means but with a large 
family is also dealt with. Such a man would probably have 
to live in a small house, and if he received only the amount 
of water to which he would be entitled by the assessed water 
rate, the amount might not be sufficient for the number of 
people in his household. Hut in this rule there is nothing 
to prevent him from voluntarily paying a higher water 
rate than that at which he is assessed, thereby entitling 
himself to a larger daily water supply. It is only fair that 
he should pay more for water if he requires more. Water 
which has been pumped and filtered costs money, and must 
be paid for, and the fact that a man has a bigger family 
than his neighbour is no reason why he should have a 
greater supply of water unless he pays for it,— just as with 
food or clothing. 
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(d) In the rule, the words “ shall be entitled to, ’ ’ whieh 
appear in No. 15 of the old rules, are retained. This does 
not involve the Municipality in any legal obligation to 
supply the exact quantity of water specified, although it 
implies that they will endeavour to supply that amount. 

Halcx 10, 11, LI and LL — These rules are framed to deal with 
special occasions such as marriage ceremonies, etc., when a house 
holder may have for a short time a large increase in the number 
of inmates of his house. On these occasions a man is quite 
prepared to pay extra for extra water obtained. The rates ol 
payment in rule 10 should however be made fairly high so as to 
discourage the retention of the temporary connection for longer 
than necessary. The lump sum prepayment stipulated in rule 111 
will be based on the east of putting in the connection and subse- 
quently removing the same, plus hire and depreciation charges 
for the materials used. 

The service pipe referred to in rule II will again be provided 
with check pipes so that only the daily quantity of water agreed 
upon can flow to the tank. 

If at any time the quantity of water a householder is getting 
from his ordinary connection, or from his, ordinary connection 
and temporary connection combined, is insufficient for his require* 
incuts, it must be remembered that tin* nearest street tap is 
always available* to him, and that he can send someone to fetch 
water from it. 

Hale /}. — This is, a similar rub* to No. Iff of tin* old rules. 

Hale 10. — This is a useful improvement on the latter part of 
the rule ff of the old rules. 

Halo 10. — Is the same as rule Iff of the old rules. 

Hale 17. — Is a protective clause which may be usefully inserted. 

(CONCLUSION. 

With the proposed system, the following advantages will he 
gained : — 

(«) Meters will be unnecessary, a ud with their abolition the 
cost of reading them, of testing them, of repairing them 
and of sending out bills for excess consumption and realizing 
the money, will be avoided. 

(b) Economy in the use of water by a household will be auto 
matically obtained, with the consequent possibility of main 
tabling an efficient waterworks at moderate cost. 
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(c) The boon of continuous supply in the house is given. 

(d) Schemes can be carried out at a cost a little lower ihan 
in the present system. The cost of central storage will in 
some cases be entirely saved, and in other cases largely so, 
and the cost of flic trunk main will be reduced. Against this 
saving the street tanks, tin* service pipes and spare tanks 
are to be paid for. together with a slightly increased cost 
of machinery, but on the whole then* will he a saving. In 
rounection with this, the red need income from house con- 
nection fees must also be considered. 

It may be argued that in a waterworks of this description, 
as with any other, failure will soon occur owing to tin* demand 
getting ahead of the supply. I5ut it should be noted that with 
the proposed arrangement, the probable course of events will 
assist in bringing about 1 lie proper remedy for increased demand. 
The works will of course be designed to supply a certain number of 
street and roof tanks. As soon as that number is exceeded, tin* very 
first effect will be that the owners of the biggest and highest houses 
will iind that they are not getting their full daily allowance. The 
owner of such a house, if not actually a municipal commissioner, 
will be an influential man, and he will at once demand to know 
l he reason of his shortage of supply. Enquiry from the water- 
works superintendent will elicit the fact that the reason is simply 
that a few connections have been given beyond the capacity of the 
waterworks. Hindi owner will therefore use his inlluence to 
ensure that no more connections are given until the supply is 
increased, and the municipality will be urged to prepare and 
finance a proper extension scheme. l*y a properly executed 
extension scheme tin 1 increased demand can of course be met. 
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REVISED MODEL RULES. 

So long as the Commissioners deem it practicable and 
consistent with the maintenance of an efficient water supply, they 
may grant to any owner or occupier of a holding paying a water 
rate imposed under the provisions of Part VII of the Bengal 
Municipal Act, 1884, on the annual value of such holding, when 
such annual value is not less than Rs. , a con- 

necting pipe from the service pipes of the Commissioners for (lie 
purpose of leading water to such holding for domestic purposes 
only, subject to the following rules and conditions: — 

3. The owner or occupier of any holding requiring water to 
be laid on to such holding for domestic purposes must a-pply for 
tiie same on the printed form ‘ A ’ to be supplied free of cost, at 
tlie Municipal Office. The form states the rules on which a house 
connection will lie given, and the owner or occupier must sign 
the statement undertaking to observe the rules before a house con- 
nection will be given. 

2. A fee of Rs must be paid to the 

Commissioners by such owner or occupier for each connection to 
a municipal main supply pipe before any work is commenced, such 
fee to be in addition to all other costs and charges imposed under 
these rules. 

3. Each holding must have a separate connection to the 
municipal main supply pipe, and extension from the communica- 
tion pipe of one holding to arffcther holding shall not be permitted. 

4. The connection shall consist of two portions : — 

(a) the service pipe, comprising ferrule, stop-cock, check 
pipes, and connecting pipe from the street main to the roof 
of the house or other point at which the storage tank is fixed ; 
and 

(b) the storage tank (or tanks) suitably covered and 
protected, with locked lid, ball valve, stop valve, overflow 
pipe, outlet pipes, taps, wash-out valve, and other necessary 
accessories. A typical storage tank with appurtenances is 
shewn on the attached sketch plan. 
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5. The portion (a) referred to in rule 4 shall be provided 
mid fixed by and at the expense of the Municipality, and the pipes 
and littings shall remain the property of the Municipality. The 
owner or occupier shall not permit the service pipe or any part 
thereof to be altered, removed, or interfered with by any person 
other than an authorized representative of the Municipality. 

6. The portion (b) referred to in rule 4 shall be provided and 
lixed at the expense of the owner or occupier, and must be main- 
tained by him in good working order. 

7. The storage tanks referred to in rule 4 (6) must be durable 
and water-tight, and the ball valve and other littings must be 
exact duplicates of standard samples kept in the office of the 
Commissioners and approved by them at a meeting. The storage 
tank or tanks must be periodically cleaned and sterilized at the 
expense of the owner or occupier. 

8. Every storage tank shall be fitted with an overflow pipe, 
the end of which shall project over the wall of the house and shall 
be placed in a conspicuous position. Discharge of water from 
the overflow means that the ball valve is failing to function, and 
the owner or occupier must undertake to notify the waterworks 
officers every time he linds such discharge occurring. 

9. Every owner or occupier of any holding, in respect of 
which a connection has been made under these rules, shall be 
entitled to a supply of water in proportion to the water rate paid 
by him in respect of such holding, according to the following 
table : — 


Quarterly amount of water rate paid. 

* 

Daily quantity of 
water to which 
entitled. 

Not Exceeding 

Rs. A . 

3 8 

Rs. A. 

120 gallons. 

Exceeding 

3 8 

but not exceeding 

3 12 .. 

130 

Do. 

3 12 

Do. 

4 0 .. 

140 

Do. 

4 0 

Do. 

4 4.. 

150 

Do. 

4 4 

Do. 

4 8.. 

160 

Do. 

4 8 

Do. 

4 12 .. 

170 

Do. 

4 12 

Do. 

5 2.. 

180 

Do. 

5 2 

Do. 

5 8.. 

190 „ 


G1 
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Quarterly amount of water rate paid. 


Daily quantity of 
water^o which 
entitled. 



Rs A. 


Rs. 

A. 



Exceeding 

5 8 

bul not exceeding 

5 

14 

• • 

200 gallons. 

Do. 

5 14 

Do. 

6 

4 


210 

Do. 

6 4 

Do. 

6 

10 


220 

Do. 

6 10 

Do. 

7 

0 


230 

Do. 

7 0 

Do. 

7 

8 


240 

Do. 

7 8 

Do. 

8 

0 


250 

Do. 

8 0 

Do. 

8 

8 


260 

Do. 

8 8 

Do. 

9 

0 


270 

Do. 

9 0 

Do. 

9 

8 

• » 

280 

Do. 

9 8 

Do. 

10 

0 


290 

Do. 

10 0 

Do. 

10 

8 


300 

Do. 

10 8 

Do 

11 

0 

• • 

310 

Do. 

11 0 

Do. 

11 

8 

! 

• • i 

320 

Do. 

11 8 

Do. 

12 

0 

| 

330 

Do. 

12 0 

Do. 

12 

8 


340 

Do. 

12 8 

Do. 

13 

0 

• • I 

350 

Do. 

13 0 

Do. 

13 

8 

i 

.. ! 

360 

Do. 

13 8 

Do. 

14 

0 

.. 

370 

Do. 

14 0 

Do. 

14 

12 

i 

380 

Do. 

14 12 

Do. 

16 

0 

.. 

390 

Do. 

16 0 

Do. 

18 

0 

"I 

400 


For consumers paying more than Rs. J«S per quarter as wafer 
rate, the number of gallons of water to be given per day will be 
calculated as — 


200 x 
9 


the quarterly water rate paid (in rupees). 


10. In ease the owner or occupier requires for special occa- 
sions or otherwise more water than the amount to which he is 
entitled according to rule 8, he may apply to the Commissioners 
in form (obtainable at the Municipal Office free of charge) for 
a temporary connection. He must undertake to pay in advance 
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1,1(1 su,u or . per tank, and also to 

W weekly the following c harges during the whole* lime he retains 
the temporary connection: — 

(a) for a supply of 200 gallons per day Rs. 0 8 per day. 


(b) 

Do. 

300 

Do. 

0 

12 

<0, 

Do. 

450 

Do. 

„ 1 

0 

(d) 

Do. 

600 

Do. 

1 

4 

(e) 

Do. 

750 

Do. 

„ 1 

8 

(/) 

Do. 

900 

Do. 

.. 1 

12 

<*) 

Do. 

1100 

Do. 

2 

0 


The application must also slate tin* number of weeks for which 
the connection is required. 


11. On receipt of (he application, with the signed agreement 
and stipulated prepayments as pur rule 10, the Commissioners 
shall forthwith instal within the compound and at a level two feet 
above ground an additional storage 1 tank tor tanks) of 500 gallons 
capacity with ball valve and two taps, fixed to each tank. They 
shall connect the same to the street main by a service pipe or pipes, 
and do all other work necessary to commence and maintain the 
supply. 

Tin* Commissioners shall keep in stock a number of tanks,, 
with pipes, fittings, etc., for the above purpose. 

1 L\ The payment referred to in rub* 10 shall Ik* made once a 
week. In case the owner or occupier fails to make tin* payment 
Meekly, the Commissioners or their officers may at once enter the 
premises and remove tin* storage tank or tanks, temporary 
service pipes, etc. 

15. Two or more such temporary connections may he taken 
if required, on payment of the additional costs and weekly charges. 

11. The Commissioners may cut off' the connection between 
any waterworks of the Munieipality and any holding to which 
water is supplied from such works, or may turn off such supply, 
iu any of the following cases, mss. : — 

(а) if the holding is unoccupied; 

(б) if the occupier fails to pay his water rate; 

(c) if the occupier in any way interferes with, damages, or 
alters the service pipe; and 
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( d ) if the occupier refuses to admit any officer duly 
empowered in that behalf into the holding for the purpose 
of making any examination or inspection of the* service pipe 
or storage tank, or prevents such officer making such 
examination or inspection. 

Provided that 24 hours’ notice in writing of such examination 
or inspection may be demanded. 

15. The work stipulated in clause 4 (b) shall be carried out 
by a person or lirrn employed by the owner or occupier and 
approved by the Commissioners. For this purpose the Commis- 
sioners shall grant licenses to approved persons or firms, who 
should preferably have had previous experience in plumbing work. 

1G. No connection shall be permitted to any holding unless 
and until the owner or occupier makes effective provision to the 
satisfaction of the Commissioners for draining away all waste 
water. 

17. The Municipality will not be responsible for any inter 
ruption or diminution of water supply due to occurrences beyond 
its control. 
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FORM A. 


WATERWORKS. 


APPLICATION FOR ORDINARY HOUSE CONNECTION. 
To 

The Chairman, and Commissioners, 


Municipality. 


Gentlemen, 

I request you to lay a service pipe and .supply water to me 

at 


upon the terms and conditions stipulated in the house connection 
rules printed on the back hereof, which 1 have read and which I 
agree to observe and perform. I also hereby agree to pay in 
advance the fee of Rs according to Rule 2. 

The amount of water rate payable quarterly, according 

to the annual value of the above holding is Rs 

and the amount of water rate which I undertake to pay quarterly 
is Rs 

Yours faithfully, 


Witness . — 

Signature 

Address... 


Gated 
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FORM U. 


WATERWORKS. 


APPLICATION FOR TEMPORARY HOUSE CONNECTION. 
To 

The Chairman, ami Commissioners, 

Municipality. 

Gentlemen, 

I request yon to fix a storage tank, pipes, etc., for a. tem- 
porary connection according to Rules 10, 11 and 12 the house 
connection rules at 


I send herewith Rs being the 

stipulated cost for making the connection and removing the same. 


including hire of materials. 

I require an extra supply of gallons per (lav, 

and I hereby agree to pay Rs per day for every 


day during which I retain the connection, and I agree to make 
the payment weekly. 

I shall require the connection for approximately 

weeks commencing from 

(date) 

Yours faithfully, 

Witness , — 

Signature 

Address 


Dated 



UVATUt 

*0.000 QAU3 
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OPEN — 

k’ 
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OVERFLOW PIPE 
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l ■ STORAGE TANK OF GALVANI7EP ^ £T PlPt r f 
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V- AIR HOLtS 
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,7V JV07 




alter native plan 
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1/' 1 X/ STOP 
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DISCUSSION ON 

WATER SUPPLY BY DECENTRALIZED 
STORAGE. 


Correspondence . 

Mu. G. Br.ansby Williams remarked that Mr. Uriilin had gone 
to much trouble to explain his proposals as fully as pos- 
sible in his paper and had exercised considerable ingenuity 
in devising the method of water distribuliou in mofussil 
municipalities, which lie had described, and which, he hop- 
ed, would obviate some of the difficulties experienced with 
(he present system, lie had, however, not sufficiently taken 
into consideration some of the practical points involved. The 
fundamental fact to he borne in mind was that most of the trouble 
with the waterworks in this country arose from the failure of muni- 
cipal authorities and ratepayers to appreciate the economic aspect 
of the question. The initial cost and the maintenance charges of 
a waterworks were nearly in proportion to the quantity of water 
supplied. The magnitude of the supply was therefore limited by 
I he amount of money the municipality concerned could afford to 
spend on carrying out a waterworks scheme. When a scheme had 
been completed and was in operation this limitation was entirely 
disregarded. Applications for private house connexions were made 
in large numbers and were usually granted by the municipal com- 
missioners to all who could afford to pay the cost of putting them 
in. When the water had been laid on to a house the householder 
allowed, or even encouraged, waste, lie resented all measures that 
might be adopted to prevent it, or make him pay for the water 
wasted, whilst his attitude was generally sympathized with, by the 
municipal commissioners, and acquiesced in by the members of the 
public, who could not afford bouse connexions, and who were there- 
fore the parties who were most directly injured by the waste in the 
houses of their more favourably situated neighbours. The conse- 
quence was that there was no weight of public opinion against the 
wasters. In fact it was all on their side, and the unchecked waste in 
the connected houses might cause the water consumed per head to be 
as much as 20 times, or even more, than that which the people who 
had to go to the street standposts were able to obtain. In such cir- 
cumstances the waterworks were caHed upon to supply more water 
than they were designed for, the machinery and filters were over- 
taxed, the supply in the outlaying parts of the town became in- 
adequate and the waterworks fund bankrupt. These disastrous 


Mr. U. 

Bransby 

Williams. 



<r. 

tfrauaby 

Williams. 

i 
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results could be prevented if the [i;n (ies concerned could he brought 
In understand that water was a commodity that cost ^noney like 
electricity ami dial it was just as reasonable thal it should he paid 
for as that the la I ter should. If the water supplies of the Indian 
towns were in the hands of pri\ate companies, as in the case in 
many other parts of the world, there was no question that the users 
would hi* made to pay in pioportion to the benelil received by them, 
and that the meter system would be in full and successful opera- 
lion. There was no difficulty in working it except the altitudeol' 
mind of the municipal commissioners and the ratepayers concerned, 
as was shewn by die examples of Ileihanipur (under (Juvernmenl 
control), rtlerparaand Kalimpong. Hut until that attitude changed, 
no Mslem of control of wash had any prospect of succeeding in its 
object. As regards Mr. (Jrillin’s proposals, far from Ilnur being 
likely to Ik* more popular than charging by meter, the exact, oppo- 
site was tin* cast*. So long as tlu*re was a physical possibility of get 
ting water from the mains tin* householder could, if he so desired, 
take what he wanted even if (here was a under on his connexion, 
ne could trust to his meter either not being read, or, if it was, to 
his being abb* to evade payment. If, however, !he supply was actu- 
ally restricted to a delinite daily quantity, that was tin* end of it, 
and, however great his real or imaginary need. In* could get no 
more. 

It did not require much acquaintance with Uengal towns to 
know’ that in such circumstances tin* outcry on tin* part of the 
gentlemen who found their cisterns empty when their neighbours’ 
were still full would be so tremendous that no muncipality would 
be likely jo oilei opposition to ¥ siich a volume of public opprobrium, 
ft might be safely prophesied that if Mr. < irifliu’s proposals were 
put into practice, at least half of his cheek pipes would have been 
removed, either with ollicial sanction or non-official connivance, 
within a mouth. 

Apart from these fundamental objections there were engineer- 
ing dillirulties in the way of the successful open (inn of the scheme. 
11 involved adjustments of tin* rate of t!ow r to a most rompliented 
variety of conditions of pressure and quantity to be delivered. II 
depended on the accurate working of a number of pressure reducing 
\nl\cs. It necessitated elaborate arrangements for discharge into 
tanks at different heights above ground, at all sorts of pressures, 
through various lengths of supply and cheek pipes, with mi mite 
apertures. If presupposed conditions that, did not exist in any 
lVngal waterworks, and the continuance unchanged of those condi- 
tions throughout the daily and seasonable fluctuations in the de- 
mand. Any appreciable alteration in the pressure in the maius 
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would operate inwjuilibly upon neighbouring hWs-, for the mine- Mr. u 
lion in the flow into a tank on the roof of a Jii^h house would he woihm« 
proportionately much greater if the pmamv in the main were dimi- 
nished than it would he in the ease of a tank on the roof of a low 
house. 

Whilst he could only express admiration lor the care and 
thoroughness with which Mr. Griffin had gone into this question, 
he regretted that he could only come to the conclusion that his 
proposals were quite impracticable and unworkable. 

The only really satisfactory course in regard to new mofussil 
water supply schemes in this country, would he to coniine the 
supply to street standposts only until the local authorities laid 
learnt the elements of water supply economics. It had been found 
by the Director of Public Health that (lie effect upon water home 
disease of a street standpoint supply was generally as beneficial as 
that of one in which water was laid on to some of the houses. In 
fact a waterworks, which gave a supply evenly distributed through 
standposts in all parts of I lie town, was far more effective in p re- 
muting disease than one which provided a copious supply in a few 
houses whilst outlying districts got little water or none. House 
connexions had been frequently introduced under the impression 
that the fees obtained from the house owners were an assistance 
towards financing the scheme 1 . So long as these fees were consider- 
ed the final discharge of the linancial obligation of the owners on 
account of the connexions this idea became a fallacy. Take as an 
example, a waterworks scheme for a town of 10,000 inhabitants, 
drawn up for a supply strictly limited to street standposts. It 
would be sufficient for this purpose to give a daily quantity of 
50,000 gallons. If it was desired to give 200 house connexions, and 
the inhabitants of the connected houses number 2,000, and if they 
were not metered, an extra supply to those persons of 25 gallons per 
head would he necessary. That is to say tin* supply would have to 
he doubled and would be 100,000 gallons a day instead of 50,000 
gallons. The initial costs of the schemes would naturally depend 
upon local conditions, but for the sake of argument they might be 
taken as Its. 90,000 for the first and Its. 1,70,000 for the second. The 
working expenses would be, say. Its. 5,000 and Its. 9,000 a year. 

For the si\ke of 200 houses the capital and the annual working costs 
would therefore have been increased by Rs. 80,000 and Its. 4,000 res- 
pectively. Unless each connected householder were called upon to 
pay a fee of Rs. 400, which is much in excess of the figure usually 
demanded, the introduction of the house connexions would be a 
loss merely from the point of view of capital cost, leaving the extra 
working expenses of Rs. 4,000 a year, towards which nothing would 
he obtained from the householders, to be met by the general body of 
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Jffr. o. ratepayers. From a financial point of view the introduction of lin- 
eman!*. metered Rouse (connexions was an unsound proposition. From the 
1 public health standpoint they had seldom any advantage, and might 

be detrimental. They were merely a convenience for a: limited num- 
ber of individuals at the expense of the public at large, and until 
this was realized, and the persons benefited were made to pay the 
fair share of the cost of the water supplied, the policy of permitting 
house connexions in small schemes ought to be deliuitely aban- 
doned. 


Oiwan 
Bahadur 
A. V. 

Kamalinga 
,/lyyar Avl. 


Diwax Bahadur A. V. Kamalinga Ayyah A\l. remarked that 
at the outset lie would congratulate Mr. Griffin on the attempts lie 
had made in suggesting a possible solution of the vexed question of 
metering. Jle bad no doubt this paper would give much food for 
thought and discussion. 


Deficiency in municipal water supplies was not uncommon in 
this province. Most, of the schemes were designed on linancial 
grounds to supply a limited quantity of water for an assumed 
prospective population. It was not infrequent that the actual 
population was in excess of the anticipated population assumed in 
designing the schemes. This was one of the reasons for the in- 
adequacy of the supply. When once the scheme was put in opera- 
tion its scope was wideued by extension of the distribution 
system brought about mainly by the appreciation of the 
people on the advantages of a protected water supply. This 
was another reason for the deficiency of supply. Most of the 
schemes were designed again on financial grounds ns street foun- 
tain schemes. The introduction of house connexions later on in- 
creased the consumption of water and thereby depleted the supply 
provided for distribution through street fountains. The wUste and 
misuse of wafer through house connexions, particularly in those 
which were not metered, formed the most important reason for the 
deficiency of supply as experienced in the municipal water sup- 
plies everywhere. 


The opposition to metering seemed to be based on an erroneous 
idea that, once the municipal water supply was introduced, the 
ratepayers were entitled to an unlimited free supply of water in the 
same way as every citizen was entitled to consume without any let 
or hindrance the other necessity of life, vis., air. But the analogy 
of the free supply of the prime necessities of life, viz., air and water, 
w as not extended to electric supply managed on business lines. If 
water and air form the free gift of god, so also light. Why then ob- 
serve strict business principles in the case of electric supplies and 
adopt different ones for municipally owned water works? 



DISCUSSION ON DECENTRALIZED STORAGE 


51 ) 

The main curse of municipally owned water works was the 
unbusinesslike methods of both maintenance and management. It 
was not realized that water works linanee should stand on its own 
bottom. 

Several methods of discovering waste and misuse of water and 
stopping it, had been suggested and adopted in practice with vary- 
ing results, but it was generally admit led on all hands that meter- 
ing every private service connexion was (he only practical method 
of solving the problem. Per contra , it was argued that the intro- 
duet ion of meters in house service connexions pre disposed people 
to use a much smaller quantity than what was required for healthy 
living and, in consequence the object of the introduction of protected 
water supply, m., to ensure the healthiness of people was defeated. 
In this argument it was forgotten that there was what was known 
as a minimum free allowance based on the annual rental value of 
the property. 

This more or Jess fixed the standard of sanitary requirements 
of individual tenements. It was also urged that in London the pre- 
mier city of the world metering domestic services was not. favoured. 
True, but was the civic conscience of our peopl“ anywhere near that 
of those obtaining in that country? Till some satisfactory method 
of overcoming this difficulty of metering was found, the only 
method of checking the waste and abuse of public water supplies 
was metering. This was, to his mind, the only practical solution. 

Mr. Griffin’s system was open to objection in that the check 
pipes could not be satisfactorily determined and fixed in practice; 
for, the minimum bore fixed in the first few connexions on a main 
might he found inadequate when several more connexions were made 
in that main proportionate to its carrying capacity. During the 
hours of maximum demand, a general low pressure might be ex- 
perienced unless the water was pumped to a height more than that 
was contemplated in the scheme as designed. 

Mr. Griffin said that “the ends of copper tubes must not of 
course be bell mouthed.” The reason was not obvious. 

The introduction of independent service tank's in houses was 
recognized to he retrograde measure of sanitary reform, fraught 
with serious danger of contamination of supplies. Any scheme sug- 
gested as an alternative to metering should not tend to afford 
opportunities for the deterioration of the quality of water during 
transit from the headworks till it was drawn for consumption. 

In regard to Ms suggestion of street tanks the determination 
of the actual number of people likely to draw water from a parti- 
cular tank with any pretence to accuracy, would be extremely diffi- 
cult in practice. 
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With reference to lire hydrants being provided in the proposed 
system their utility in a scheme where a limited number of hours 
of pumping was adopted would be of doubtful value. The period 
when tire normally occurred was during the nights, and pumping 
was then generally stopped in these direct pumping systems. How 
then could the lire hydrants be of any practical use? 

As regards the proposed model bye-laws, rule 9 (b) did not, to 
bis mind, appear to have been based on correct data. 

On the whole Mr. Griffin's paper stimula led one’s thought and 
ideas in regard to prevention of waste and he had no doubt that 
many members would take part in this discussion and bring about 
a satisfactory solution of this important problem relating to 
municipal water works. If that was done the entire credit w r as due 
to Mr. Griffin. 

Mu. F. (\ Te.uplu remarked that the system [imposed by Mr. 
Griffin lmd already been partially introduced in Jamshedpur as 
being the only system that really prevented waste on house conne- 
xions. The system of check pipes for regulating the flow of water 
into the house storage* tank was very ingenious and probably far 
more efficient than a valve in a locked and sealed box. The varia- 
tion on Mr. Grillin’^ proposal that there should be two separate 
tanks for houses with sanitary fittings was to put separate outlets 
in the same tank at different levels. The usual practice in Jam- 
sRedpur was to pul tin* kitchen and servants’ tap half way up the 
tank and the connexion for house fittings at the bottom. The 
Hume Pipe (Vmipanv made reinforced concrete tanks of various 
sizes with connexions arranged in that way. 

A variant on the street tank proposed by Mr. Griffin was an 
arrangement known as a Rotary Bailer, one pattern of which was 
patented by R. M. Hughes and the other by A. T. D. Anderson Doth 
of the Bengal -Nagpur Railway. In both these a small mechanical 
apparatus placed in a constant level tank had to be operated by the 
person wishing to draw water. This had been found a far better 
preventive of waste than any other form of street stand pipe yet 
t ried. 

Mr. It. M. GriTA thought that there was very little doubt that 
by adopting the proposed system of supply most of the advantages 
mentioned by the author would he gained. But the method of pre- 
vention of w r aste had been carried too far, and was likely to cause 
inconvenience to the consumer. 

Admittedly tin* demand for water varied considerably from 
time to time and even in the different hours of the day. But ac- 
cording to that system, the rate of supply which one could expeel 



1HHCUHH10N ON DECEKTlt AL1Z EL) STORAGE 


01 


from the service pipe was constant. The author suggested that this Mr. n. 
variation in demand would be met by storage in the house tanks. (,uptft ‘ 
Rut this might not meet the difficulty. For example, a house- 
holder getting say about 240 gallons per day at the rate of 30 gal- 
lons per hour might have his tank almost empty at night. He re- 
quired about or> to 70 per cent of the water in the morning but he 
would not he able to get this amount of water (150 gallons) in less 
Ilian 5 hours* time, lie required 10 gallons for his bath, lie would 
have to wait 20 minutes to get a full tub. In sucli cases the author 
suggested additional storage but that would in all probability mean ^ 
additional wastage and also it was not understood how the ball 
cock arrangement would have any beneticial effect in preventing 
waste, when* additional storage was used. 


To minimise the effect of inflexibility of supply, lie suggested 
that arrangements be made so that I he tank was tilled up during the 
early hours of tin* morning. This would effect a further check on 
waste, for less water would be used in washing tanks, etc., which 
should of course be done periodically but not every day. He would 
mention that water from chowbatchas was drained out in the morn- 
ing not only because of dirt or other polluting matters but also for 
the reason that people in this country have an aversion for using 
“stale/’ water, />., water left from overnight* The latter was the 
stronger reason. 


As regards design, theoretically since the supply to the con- 
sumer was at a constant rate, then* could not be any objection to 
the mains being designed to deliver at the average rate But it 
would be better to design the pipes to deliver at twice the average 
rate, as was usually done not only for overcoming friction losses 
but also for providing for future unforeseen increase of supply. 

(1) As regards check japes, which would be fit tod after making 
trials, he thought it would not lie as easy a matter as the author 
suggested. For each connection, trials would have to be made to 
get the proper size check pipe. 

(2) The discharge through the check pipes was likely to be 
effected when the pipe became old. 

(3) A large number of connections made afterwards at the 
upper eud of the pipe would also affect the discharge. 

These two reasons would tend to diminish the amount of 
supply to which a householder was entitled. 

Lastly water rates and taxation and incidence of taxation, 
though not strictly within the sphere of engineers, could not be 
ignored altogether. 


M. 
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"vir. K. m. The Diode ol‘ taxation on tlio basis of valuation of holdings was 
.{upta. not 01l ail equitable basis but could not be helped under tl*e poem 

§ liar circumstances obtaining in India. But if this method was ac- 

cepted as the basis of water rates, it was necessary (hat, in spile 
of rich men paying higher taxation, they should not be entitled to 
more water than the lixed rate per capita — the more water a man 
got the more would Ik* flic tendency to waste. The rich mail who 
could really afford to pay for the water consumed by the poor was 
benefited indirectly. 

* The, amount of supply to houses should be calculated according 
to the capacity of the house and possible requirements. The whole 
i object of the water supply scheme being to supply the individual 

| with a fixed amount of potable water for his domestic purposes, 

there was no reason why the poor or the middle class man with a 
large* family who was almost in the same category with the poor 
* should not be supplied with the same quantity of water as the rich. 

In conclusion, but for the objectionable features, namely, the 
inflexibility of supply, this method of preventing waste by res- 
Iricfed supply would be* very suitable for conditions generally pre- 
vailing here in Bengal. 

The oilier method of preventing waste was by increasing tin* 
supply and giving a Continuous supply. This would ultimately 
mean extra recurring charges more than the amount saved by pre- 
venting wastage of water. 

But if the municipal authorities really wished to prevent 
waste*, wholesale metering must la* done, and care must be taken 
to see Ihat the meters were in working order and regularly read. 
This would incidentally bring in more revenue. 

Mu. E. F. Wiutk remarked that the extremely in t (‘resting 
paper entitled “Water Supply by Decentralised Storage” dealt 
with a very important subject for the people in Bengal, namely the 
provision of an adequate supply of pure water bv a system express- 
ly designed to reduce costs and prevent waste. 

Storage Tanks. The system proposed in the paper would 
appear to lx* such as would need a small initial outlay as compared 
with the use of a (Vntral Storage Tank. The latter, if of ample 
capacity and if elevated to give the requisite pressure, must form 
a* very considerable portion of the capital cost of a water distribu 
tion system. 

It was probable that a considerable number of road side 
Storage Tanks could be installed at a comparatively lower outlay. 

Engines. Au Internal Combustion Engine using Crude Oil Fuel 
would undoubtedly best serve for driving the Pump or Pumps. Such 
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an, Engine would occupy but little ground space, required a small Mr. e, f. 
building, bad extremely low running costs, and wpuld not require Whlt(V 
any boiler. Oil Engines were available in which the speed might be 
linely adjusted by tin* turn of a screw down to 50 per cent of the 
normal, whilst running. Therefore a variable speed gear would 
not be inquired. If Jess than 50 per cent, of the normal quantity of 
water was to be delivered from a Ram type Pump, the surplus might 
he automatically bye-passed through a pressure relief valve of spring 
loaded type, suitably adjusted /or a predetermined pressure, from 
(he delivery to the suction side of the Pump and economy in power 
used would result. If a Centrifugal Pump was used at half its 
designed speed it would probably deliver no water, so it would not 
need a bye-pass. 

Stop Taps - . As a Stop Tap would in any case be needed by 
each House, it might be designed also to sene as a check pipe. A 
cast iron cook having its brass taper plug drilled to the nearest 
tilth inch for passing the desired quantity of water was suggested. 

If a lug on the body of the cock l>e drilled to correspond with 
other holes in the square head of its plug, it would he possible to 
win** and lead seal the cock in either “on” or “off” positions. 

The comparatively short water way through the ping of the 
cock would he less liable to reduce by corrosion the quantity of 
waiei passed, compared with the friction and reduced aperture 
likely to be caused in course of time by corrosion in a. length of 
copper tube of small bore. The (kick Plugs could all he in- 
terchangeable and suitably marked for size of aperture. The 
Plugs could easily be removed by an Official authorised to break 
flic seal for the purpose of cleaning and no filter would be required. 

Mu. E. E. DKsnursuAis thought that there were two methods Mr. e. e. 
in which, the paper set out by the Author, could be considered. Bem)Tdh1a * 

(a) From the point of view of the Average householder. 

(b) From an Engineering point of view. 

(a) So far as was known from the methods in use in the water 
works of supply at Calcutta and Patna, the supply was obtained 
in the former ease by pumping from a central reservoir in town, to 
the consumers residences and in the latter by gravitation from 
central tanks on towers and in cases of large consuming institu- 
tions such as hospitals from tanks on towers within the com- 
pound. 

In the case of towns like Bhagalpore, Arrali and Serampore, 
the water supply was obtained by direct pumping from filter- 
beds and storage reservoirs near the pumping station. ^ 

# 
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Ail intermittent supply was almost always given, not so much 
as to prcveut waste, as to deal with the demands at certain periods 
of the day when it was greatest and when not required the supply 
was stopped ; and this injaet prevented waste to a very great 
extent. 

The author stated that at •Kalimpong, the under reading 
method of charging had proved very satisfactory without any 
difficulties having arisen. Kven in his statements, showing the 
neglect in fixing and reading met eft, it was found that at Herham- 
pore, Krislmagore and IJIIerpara, attention laid been paid to the 
matter and of course the conclusion was that it luul worked well, 
though no mention had been made as to Ibis by the author. 

The meters besides could he designed to he made so that the 
readings were visible to the householder and would not then 
surprise him, if lie took the trouble to read them or watch them, 
as he was accustomed to do with his Klcdric Meter readings. 

For street purposes, water was needed not only for people in 
the vicinity, hut for animals for which public troughs and stand 
pipes were found as well as for public slrcet latrines (in Calcutta} 
and for other sanitary arrangements as well as for lire prevention. 
As regards this last, the author stated that in practically none of 
the waterworks in Hengal had tire hydrants been fixed. In Cal- 
cutta, the hydrants used for street watering were used by the tire 
engines, the Tumping Kngifte working at night being connected to 
the fire alarm towers by Phone as far as possible direct. 

This was as it was now in Calcutta. 

The method proposed by the author had many dis- 
advantages. 

(1) The tank on the roof with its inspection, cleaning and 
leakage of ball valves all fell on the householder's shoulders. 

(2) A guest or two for one day even, would cause; a shortage 
of supply, and any influx of guests for a longer period would call 
for the erection of extra tanks, piping and especially the putting 
in of extra cheek pipes the sizes of which and arrangement could 
only he got at by trial and error. 

(tt) Having to dewater the remaining water in tanks, in 
places like large hoarding Houses and hotels, due. to the number of 
people in various seasons varying. This would be a large waste of 
water. 

It) A full supply calculated only on a certain percentage of 
the House value, might \ti case of a very wealthy bachelor, charge 
him excessively and cause an excessive wastage *ft>om disuse of the 
greater part of the w r ater supplied. 
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(5) In the case of double storied buildings or higher and 
buildings of great length such as hotels and boarding houses, tanks € * ri 1 ' 
oil the roof above would not do as the lower stories would take off 

at a higher pressure and get more water 'than the upper stories 
mechanically and in the case of 2 stories 40 per cent more water. 

]u the case of long buildings owing to the head being only that of 
one storey, tanks would have to lie distributed over the whole length 
to allow of equal supply. 

In the case of direct pumping, the large pressure obviates these 
difficulties of tank decentralised methods. 

(b) From an Engineer's point of view : 

(1) It would appear that the pipes would always be under 
considerable pressure, and that the How through the check pipes 
set in pitch oi* lead might cause them to bell-mouth whence wastage 
would occur. What about possible lead poisoning? What about 
the white sediment that encrusts all water supply pipes, choking 
such small pipes as the check pipes or reducing supplies? 

(2) Rutting tauks on roofs with masonry protection against 
heat, would require a structure, entirely independent of the roof, 
which for a tank of JftU gallons, would otherwise load the roof or 
floor with about !) cwt. per sq. ft. extra. 

The alternative idea would do, as it would cost less, but the 
upkeep, painting, etc., would be great and would all fall on the 
householder. 

(3) The construction and fitting of suitable check pipes, witli 
the lank say on the 3rd storey and at a considerable distance from 
these, by trial and error, would bo a matter of considerable delay 
and expense. 

(4) Any increase in the number of house connections in a 
zone would seem to require a eliange in the pressure reducing 
valves at that, zone centre, and this would change the supply from 
check pipes already fixed. How about wastage? 

(8) The author was strong on a continuous supply, but this 
scheme allowed only a supply of storage in 10 hours. 

Now it was generally from 6 a.m. till noon that the demand 
wap high and again from 3 p.m. till 6 p.m. in what was called the 
intermittent system, in which the supply met the demand during 
those periods. In the author’s scheme, the early demand might 
exceed the supply for the early period, resulting in an excess for 
the later period to the great annoyance of all householders. 

(6) Poorer people depending upon street supply, might have 
great difficulties owing to wastage of water from street tanks, in 
the author’s scheme, and might in fact get none, as there was no 
check to wastage by the public. 
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S^Tp. e. e. With the present so called intermittent supply water could 

? )esbrusiais. p e obtained twice a day and in any quantity which* was a 

great boon. 

The scheme of the author seemed, theoretically under certain 
conditions only, to be good but entirely in the favour of the 
suppliers. 

There was no reason w hy meters should not be more used than 
at present in the intermittent scheme. 

:>r. k. c. Du. K. 0. C'hakko remarked that he had often heard com 

Jhakko. plaints that certain parts of the City of Madras were always short 
of water. This was due to the distance from the reservoir and 
consequent insufficiency of pressure when water was taken by the 
houses nearer to the reservoir. Vet, the system was designed so 
that when the maximum rate of flow took place, every district 
would get some water. This showed that it was not possible to 
design a system perfect!/ when the data were imperfect. The 
author’s method of introducing check pipes to regulate the flow 
had therefore much to commend it, as i( got over the imperfections 
of all hydraulic formulae by adjusting the check pipes to the 
required rate of flow* to each house w hich would be direct ly 
measured. 

He would request the author, however, to consider the follow- 
ing points wliicli had come up in his mind as affecting the system. 

1. How far was it justifiable to assume that the rate of flow 
into a “district." was constant? 

L\ Was it possible to keep u uniform hydraulic gradient in 
the main pipes (a) when different districts draw water at different 
rates and ( b) when tin* resistance of pipes altered with age? 

*A, If valves were used in main pipes and chief distribution 
pipes in order to isolate certain districts, how would their closing, 
complete or partial, affeet the supply to the houses? 

4. Would the discharge through the, Check pipes remain 
unaltered for the same head indelinitely? If it changed with time, 
would the “prolonged and difficult operation to make the altera- 
tion" to readjust the rate of flow be justifiable? 

5. The flow' from a partially closed tap was easier to 
regulate than from a check pipe. Was it not possible to enclose 
the tail effectively in a sealed or soldered box so that unauthorised 
people would not tamper with it? If this was possible, the check 
pipe was unnecessary. 

6. Were not some meters still necessary, at least for the diH' 
t riots? 
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Mu. ,N. B. Wilson in forwarding a tracing remarked that the Mr, n. b. j 
proposal was iii liis opinion, a better proposition than the check w,l80n, 
pipes which the author of the paper explained to the Members of 
(he Society on Tuesday, the 15th instant. From the tracing it 
would be seen that instead of using a comparatively long length of 
small diameter pipe inside the service pipe, it was proposed to use 
a diaphragm having a small hole in (he centre of it. From the 
construction of flic apparatus, it would readily be seen that this 
diaphragm could be altered very easily. For instance, if it was 
found that the diaphragm used was passing more water than the 
consumer was entitled to receive a diaphragm having a smaller 
orifice could easily be inserted. In addition to this, the water 
passed through the copper strainer which would prevent any 
suspended matter from choking the small orilice in the diaphragm. 



Mu. J. O. A. Vincent remarked that the author in giving the Mr. J. o. A 
alternatives for pumping insta/llat ions rejected centrifugal pumps on 
the grounds of high horse power consumption even though no water 
might be delivered by the pump. 

With properly designed centrifugal pumps the characteristics 
were far from those stated. Against a closed delivery valve the 
11, P. consumption should be little more than 1/3 of full load JJ.I\ 

In practice however under Mr. Griffin's scheme he thought^ 
was unlikely that (he demand for water would fall to anything 
like zero. Probably the demand would vary between full output 
and 1/3 of full output during pumping hours and there should be 
no difficulty in obtaining centrifugal pumps to give the lower 
output with an actual II. P. consumption of about i full load 
IT.P. or in other words the efficiency at 1/3 output would be about 
t>0% of that at full load. 

These figures were not at all unreasonable and wheu it was con- 
sidered tliat during the same variation of load the head would 
vary by only about 15 per cent without any regulation or auto- 
matic devices whatever, he thought the centrifugal pump would be 
found to be highly suitable for the duty. 

An additional advantage of centrifugal pumps was their 
smaller cost. A centrifugal pump might be purchased for roughly 

s 1 
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a. about 60 per cent of tlie cost of a ram pump of equal quality and 
duty. The centrifugal pump required no special devices exfiept an 
engine or motor to drive it and there was no danger of bursting the 
mains by negligent driving, whilst any form of ram pump required 
elaborate variable gears or other controlling apparatus as well as 
ample automatic relief valves to provide against accidents. 

Finally, if electric power was available for driving the pumps 
the direct drive of centrifugal pumps allowed such a compact and 
sfyuplc unit and one so easy to handle, that the duties of the at- 
tendant would be reduced to a minimum. 

lie considered that the characteristics of centrifugal pumps 
were such as to make them much more easily applied to the special 
requirements of the scheme explained by the author than any of 
the alternalives and lie thought that anyone contemplating such a 
scheme would he well advised to adopt this simple and economical 
form of pumping plant. 

r. h. l. Mu. II. L. Tyson-Wolff: thought that— Mr. F. 0 . Griffin should 

mm-Woife. ^ congratulated upon the very interesting paper lie had con- 
tributed to the Institution. The wasteful use of water presented 
a most difficult problem all over India, and the proposals put for- 
ward by Mr. Griffin seemed to him a very practical way of dealing 
with the difficulty. 

Mr. Griffin's table disclosing the fate which attended the use 
of water meters was very significant, but it was noticeable that no 
reasons were adduced for the great prevalence of casualties. 
There were probably a number of reasons, but lie felt that at least 
one of them was the inherent disabilities that beset all types of 
Water meters of the rotating kind. Even where the water was 
Uttered , wear in the rotating parts took place after a relatively 
- short time; and where the water was at all silt bearing the wear 
was very rapid. As an accurate means of recording the amount 
of water passed, such meters were and probably always would be 
very unsatisfactory instruments. 

In discussing the relative merits of different kinds of pumps 
Mr. Griffin said with reference to the centrifugal type that the 
full horse power of the engine was absorbed although no water 
might be delivered by the pump. He thought that this view of the 
4 'matter was somewhat overstated. It was a matter of experience 
that there was a very appreciable difference in the amount of 
power absorbed by the pump when it was delivering its full output 
and when it was simply churning the water in its casing when the 
delivery valve was completely closed. That this was so could 
readily be ascertained by observation; but the view expressed by 
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:Mi\ Griffin had been put forward again and again. If J00, 000 Mr. ir. l. i 
gallons of water were pumped at a steady rate over 8 hours, Tyson ‘ of 
against a head of GO feet, tlie foot pounds per minute were 
suflicient/to raise the temperature of a pound of water from GO 
Fahrenheit, degrtrs to 220 degrees in one minute. If what; the 
Author said was correct, the pump would become dangerously hot 
in a very short space of time, were it to be run with its delivery 
valve closed. Such a pump might be, however, and often was run 
for quite an appreciable length of time with the valve closed, 

Avithout much rise of temperature, becoming noticeable. 

From the particulars given in Plate 111 it Avas seen that the 
pressure at the pump is GO feet, water column, and that at the 
elevated tank was 25 feel. If the tank was taken to he say 1 feet 
deej), the average pressure at the tank Avas 25 feet Avaler column. 

It was seen, therefore, that the efficiency of the transmission was 
only about 58.5 per cent. As this Avas a very low figure it would be 
interesting to have the author’s opinion about this. He would like 
to knoAV how this result compared Avith the results usually obtained 
in Hie ordinary system of Avater supply Avith which one was 
familiar; so low an efficiency Avould appear to entail unduly great 
expenditure on poAver. 

There was one other matter on Avhieli he Avould like to offer 
comment ; namely to fhe use of a ball valve on the top of the service 
tank. Tt was probable tlialt in many eases this Avould be tied up 
and throAvn thereby out of action. Such a proceeding Avould 
enable a householder to obtain more 1 wafer than his proper share 
in such eases where the rate of flow through his cheek pipe was 
rather on the liberal side than tlie reverse. 

Mu. 8. P. Floavekdeav remarked that lie had Water Suppfl Mr. s. p. 
Problems in many railway Colonies and expressed his intention of Flowerdew - 
taking an early opportunity of introducing Mr. Griffin’s System 
in some of the vail way Colonies on the E. T. Illy. 

Mu. Mahan Dev congratulated the author on devising a Mr. Maha 
scheme Avliich Avould not only produce an income sufficient for the Dev ’ 
maintenance of fhe scheme, but v.mild at the same time impose a 
check upon waste. 

His objections to the centralised method of distributing water 
from one main reservoir Avere the expense involved in laying dupli- 
cate mains, or alternatively the risk of failure if duplicate mains 
were not laid and there were difficulties in connection with control 
of supplies, repairs to main and cleaning of pipes. 
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'* Maban With regard to the author’s selieines lie considered that the 
following points might be a drawback: — 

1. The weight of the tank might be too much for the roof to 
carry. 

L\ The first cost might l>e too heavy for the poorer classes. 

II. Space would be occupied which might be more usefully 
employed in congested cities. 

4. The extra expense of protecting the tanks from the Sun. 

5 & (I. Deteriorations of the check pipes through corrosion or 
incrustation. 

7. The necessity for frequent, repairs. 

With regard to the pumping machinery he was of opinion that 
electrically driven pumps offered many advantages over pumps 
driven by an oil engine on the score of lesser first cost, lesser main- 
tenance charges, cheaper buildings and greater cleanliness. 

With reference to rule 7, he very much doubted whether the 
occupiers would pay sufficient attention to the cleanliness of the 
overhead tanks and feared that this would eventually devolve on 
(he municipal authorities. 

he Author. Thk A i/thou in reply remarked that, in the first paragraph of 
his note, Mr. Williams staled flic facts with regard to water supply 
schemes, and the present inefficiency and wastage in the metering 
system. U was because these facts had not been fully taken into 
consideration that the present difficulties in wafer supply laid 
‘arisen. 

Mr. Williams staled that the system proposed in the paper 
would he less popular than the old system. This remained to be 
seen. The fact that two municipalities had already Willingly 
adopted the system did not. support the statement. In the last 
sentence of the first paragraph, Mr. Williams said, — “If 
however the supply was actually restricted to a definite 
daily quantity, that was an end of it, and however great 
his real or ’imaginary nml, lie could get no more”. This 
was not so. He might draw Mr. Williams’ attention to the para 
marked (c) on page 14 of the paper. When the householder had 
come to the conclusion that he. must have more water, he would 
go to the municipal authorities to find out how it could be obtain- 
ed. He would be informed that if he paid a bigger water rate he 
would be given more water, and this would appeal to the ordinary 
man as a straightforward bargain. He would decide on the addi- 
tional amount which he required, would sign the agreement to pay 
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the corresponding tax, and forthwith the check pipes would be al- T h e Author 
tered to give the increased amount. Of course the householder 
might attempt to get the increased amount of water by unfair 
means. He might attempt to bribe the waterworks staff to come 
and alter his check pipes without having prearranged to pay the 
additional tax. Hut there were a number of factors which would 
automatically nullify such attempts at bribery. First, the number 
ot people he would have to bribe, — the whole waterworks staff plus 
coolies, cartmen, and others engaged on the job, would make the 
process of bribery so expensive as to be scarcely worth while. 

Secondly, — since the operation of changing the check pipes was a 
day's work, involving the digging of a trench, disconnection and 
relixing of a pipe line, etc., the job could not be done surrepti- 
tiously but must be carried out in broad daylight. It was there- 
fore sure to be seen and recognised by someone as a house connec- 
tion job, —enquiries would be made, — particularly by the house- 
holders’ enemies, — and if all ? was not fair and square the culprit 
would be shewn up. Mr. Williams went on to refer to the outcry 
on the part of the gentlemen who found their cisterns empty when 
their neighbours’ were still full. Let us imagine such an objection, 

—taking place al say a meeting of the local Ratepayers’ Associa- 
tion. Mr. A complains that his tank was always empty and that 
the supply was not enough for his family which was a big one. 

Mr. R sitting alongside him had plenty of water,— there were only 
.‘5 other people in the house beside himself and his allowance ac- 
cording to his rated water payment was ample. Mr. 15 will say to 
Mr. A, — “all right, — nobody is stopping you from get .ting more 
water,— if you want more, pay for it". 

The position was perfectly (dear and simple. Generally speak- 
ing, people did not expect to be called upon to give either goods or 
service without being paid for them, and conversely, they did not 
expect to get, anything without paying for it. For au increased 
allowance of water therefore they would expect to pay, and would 
lie quite content to pay. The mischief of the present system was 
that householders were not called upon to pay until long after the 
goods were received, and did not know even whether they would 
he expected to pay or not. Also they were aware of the easy 
methods by which they could evade payment, as Mr. Williams 
pointed out in his, note. 

With regard to the “engineering difficulties” which Mr. Williams 
mentioned. 

(1) “Adjustments of rate of flow to a most complicated variety 
of conditions of pressure and quantity”. The check pipes would 
be different for every house, but he saw no difficulty in fixing them. * . 
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jj« Author After a, little experience the number required would be guessed 
very approximately, and then the exact number would be settled 
by trial and error,— 1 he rate of rise of water in the tank would 
he the measure of the flow. 

(2) “It depended on the accurate working of a number of re 
during valves”. The makers told him that with a secondary pres 
sure of 40 feet the variation of pressure would not be more than 
0.0 of a foot. In any case it should be noticed that the variations 
of pressure would be sometimes plus and sometimes minus. So 

> that during the day the variations would average out, and the 

:j daily quantity of water discharged to the roof tanks would be con- 

stant. 

(3) A reference was made to “minute apertures”. The small- 
est check pipe likely to be required was 1/8". lie did not think 
this should be (‘Tilled a “minute aperture”, 

(.4) “It presupposes conditions that did not exist in any Ren 
gal waterworks”. He did not propose at present to apply 1 ho new 
5 system to an existing waterworks. It would be applied at lirst to 

new waterworks. — in which, of course, the conditions would be 
arranged to lit the system. The application to an existing water- 
works would be a more dilTicull business, involving points of law 
, with regard to old house connections, elc. 

(o) “Any appreciable alteration in the pressure would ope- 
rate inequitably upon neighbouring houses”. 11 is proposal was 
that there should not be appreciable alteration in pressure, — 
hence the use of the latest type of reducing valve, — the large sized 
zone ma ius, — the anrayc How through them instead of the nuuvi- 
nnun , etc., etc. 

Mr. Williams summed up bis criticisms by saying that he could 
only come to the conclusion that his proposals wen* quite imprac- 
ticable and unworkable. To this his only reply was that other en- 
gineers had already expressed the exactly opposite view', and that 
lie ef course agreed with the latter. 

Mi*. Williams went on to say that the only really satisfactory 
course in regard to mofussil water supply was to con tine the sup- 
ply to street standposts only. Rut this was begging the question. 

' In st good many of the water supply schemes now under considera- 

tion the Municipal rommissioners refused to have a scheme at all 
unless they could have house connections. The problem before us 
was how to provide a water supply icith bouse connections and yet 
to prevent the wastage of water. The last page of Mr. Williams* 
note was therefore beside the point. 
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In reply to Mr. Ranmliiiga Aiyar, who began b\ stating tin* pir- The Auihm, 
scut ]m>sj t ion with regard to waterworks, lie agreed with his sug- 
gestion that if water were charged for by meter alone, as with clec- 
tric, supply, all would be well. Rut, as explained in the lirst para- 
graph of his paper, the majority of the people must draw their 
water from street taps, aud it was impossible to meter and charge 
for the water they take. 

With regal'd to Mr. Aiyar's objections to his scheme. 

(1) The lirst was that the check pipes could not be satisfac- 
torily determined and fixed in practice. He did not think there 
would be any real difficulty in this, if would be (lorn* as described 
at the bottom of page b of the paper. Tin- Zone mains would be big 
(Miough to obviate any appreciable \ariation in pressure which 
might otherwise be caused by the opening aud closing of connec- 
tions. Of course 1 , when more connections were made* than the* num- 
ber for which a zone* was designed, there would them be a drop in 
pressure*. This contingency was dealt w ith on page 10 of the paper. 

(2) The re*ason of the* statement, — ‘‘the ends of the copper 
tuhe*s should not he* bell mouthed,”— was askeel for. If the* tubes 
were* hell-mouthed, there* would then be* ynnlual contractions and 
expansions in tin* size* of the pipe*. Wlu*n the*re was a xml den 
change* of diameter, loss of head occurred. The object of the check 
pSpes and little chambers between was to reduce the he*ael (thereby 
chirking the How), consequently the* sudden change of diametei 
Avas required. Tlrnse little* chambers between the ends of clnrk 
])ipe*s would act as a “line* adjustment”. They m*e*el not m*ce*ssarily 
he inserte*d, — the cheek pipe*s roil HI he* coupled hy a siugle* socket. 

The addition of the double socket and nipple connection increased 
the* amount of check to a. small extent, as could be seen by a com- 
parison of tests Nos. 2 and 3, page 10 of the paper. 

(3j “The introduction of independent service tanks was 
a retrograde measure”, lie did not agree. His arguments were 
given in the last para but one on page 11. Calcutta had during 
the last 10 or 20 years been forced into this system. The water 
need not deteriorate in a roof tank w hich was covered and locked, 
which was protected from the sun, aud of which the householder 
took reasonable care as provided in rule 7, (page 18). 

(1) Admittedly, the fire hydrants would be of uo use at night 
until the waterworks could he started up. Rut as pointed out on 
page 12, no mofussil municipality provided for tire appliances. 

And in the case of a tow r n big and important enough to go in for a 
tire brigade, the probabilities were that at least 16 hours, if not 
24 hours per day, would be the pumping hours. 

h 


A' 
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ie Author. (5) The figures given in rule 0. These were of course only 

* approximate and typical,— cacti municipality would have tp work 
out its own schedule of rates, and obtain Government sanction 

: to the same. 

In reply to Mr. Temple’s comments. 

(1) He was glad to note that he approved of the suggestion 
with regard to “check- pipes”. Samples of these were placed on the 
table at the meeting. 

* (2) The arrangement for taking water from the, storage tank 

! at different levels was a good one. He had however suggested two 

separate storage tanks in the case of houses with sanitary fittings 
? in order to meet a religious objection. Orthodox Hindus would, he 

was told, refuse to take drinking water from a tap which they 
knew had direct connection with pipes feeding a W. 0. flushing 
tank. 

(‘lj The Rotary Bailer was an excellent waste preventer, 
but would not do as a substitute for the st reet tanks in his scheme. 
In the Rotary Bailer a practically constant water level was main- 
! tained by means of a> ball valve. In his scheme the tank must he 

capable of filling and emptying, the ball valve being used only to 
turn off the water when the tank was full. 

Mr. R. M. Gupta had suggested that the system was likely 
, to cause inconvenience to the consumer, that depended on what was 

meant by “incomenience”. If the consumer would be inconveni- 
enced by the discovery that his supply of water was not unlimited, 
and that he had not enough water to throw about and waste, then 
he certainly would be “inconvenienced”. If, on the other hand, he 
used the water economically, there would be no inconvenience on 
the score of quantity of water available, and he would have Been 
given a great additional convenience in the shape of continuous 
house supply. 

To enforce economy in the use of water was the whole object 
of the system. 

(2) The storage tank on the roof would meet the difficulty of 
variation in demand. In the case Mr. Gupta mentioned, the man 
having had his hath in the morning, and having used the water 
economically during the day, the tank would not be almost empty 
at night, — since it had been filling slowly all day long, and so there 
would be plenty of water for his bath the next morning. If on the 
other hand, he took two or three baths during the day, leaving the 
taps running, and generally wasted the water, then the next morn- 
ing he certainly would find the tank empty, and would have to 
wait a long time to get his bath. That was exactly what was intend- 
ed. The effect would be that during the following day he would’ 
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have less baths and would stop the waste* of water,— precisely the The Authoi . 
effect desired, fle had not suggested additional storage to meet 
the extravagant use of water,— sufficient storage was required sole- 
ly to meet the variation in demand. The ball cock was not meant 
to prevent dhe waste in the house,— it was simply to prevent the 
tank overflowing. 

(3) His third paragraph. In this system, pumping doubtless 
would be commenced in the early hours of the morning. 

(4) His fourth paragraph . If there was any “aversion'* to 
using water which had been standing in a covered roof tank over- 
night, people w r ould soon get over it. On sanitary grounds there 
could be no objection. 

(5) His fifth paragraph. The two sentences were contradic- 
tory. If there w r as no objection to designing tin* mains to deliver 
the average rate, then there could be no use in designing them at 
twice the average rate. He might draw Mr. Gupta’s attention to 
page 8 of the paper. 

(0) As regards the point (1). He thought the fixing of check 
pipes would be quite simple after a little experience had been 
gained. 

The point (2). This was quite true. When that time arrived, 
the difficulty could be met either by pumping somewhat longer 
hours, or by increasing the pressure, or by reducing the check 
pipes. 

The point (3). The statement was quite true. Attention was 
drawn to page .10 of the paper. 

(7) The two paras with regard to water allowance. The state- 
ment was made that, “there was no reason why the poor man- 
should not be supplied with the same quantity of water as the 
rich.” This was a remarkable statement. It was of course under- 
stood that he was talking about pumped and filtered water, deli- 
vered in a man’s house,— not the water flowing by in a river or 
lying in a tank. Whereas the latter water was free and for all, the 
former water was a thing which cost money — which could only 
be provided by the work of certain other persons and by the ex- 
penditure of capital and maintenance costs. Surely it was obvi- 
ous then that such water must be paid for, just as with food or 
clothing, and also that the quantity supplied must be according 
to the money paid, just as with food or clothing. There was no 
question of depriving the poor man of the drinking water neces- 
sary to sustain his life* He would always be able t:o draw water 
from the street tanks, and the amount required for drinking was 
very small compared with the total per capita supply. 

L 1 
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r |ho AnthoT. (8) The last para hut one . ‘‘The other method of preventing 
wasfe wits by increasing (lie supply”. The reverse was obviously 
Ihe ease, — an increase in supply without altering the present sys- 
tem of house connections would simply increase the waste. 

Ill) The last para. The paper revealed the fact that metering 
had not been successful, and that care was not taken that meters 
were in working order and regularly read. Hence the suggestion 
of another system. 

He was much obliged to Mr. White for drawing attention to 
two [joints in which the paper was incorrect. 

The lirsl was that with tin* most modern types of oil engines 
the speed could be adjusted down to fH)% of Ihe normal while run- 
ning, instead of 10% as stated in li is paper; and 1 lie second that 
with a centrifugal pump running against the pressure of a closed 
main, only ,‘>0% of (lie 11. V. of the engine whs being absorbed, and 
not the full II. T. 

Doth these [joints meant that his scheme was even more easy 
of application, and no speed gears would be required. 

The spring loaded pressure relief valve* should always be fixed 
as a safeguard against sudden accidental closing of a delivery 
duice \alve, or other mistake. It should not however be used as 
;i means for controlling the (piantity of water delivered, since 
water by passing through it had been pumped against tin* full head, 
iiul the full horse power of the engine was therefore being absorbed 
although less water was being delivered. 

The specially designed stop valve with orifice, and t lie key 
operated regulating valve were already on the market, lint it was 
not proposed to use these lor tin* reason explained in the sentence 
in the middle of page b of the paper. 

Mr. Deslunslais had mentioned several disadvantages, in re- 
living lie would say : — 

(1) The tank on the roof was in substitution for the 
chowbaf cha. The householder had to clean and maintain the 
latter, and therefore, it would he no hardship to have to clean and 
uaintain a tank. Also, in Calcutta, a large number of houses 
ilready had tanks, and there was no complaint, in the matter. 

(2) The supply would be sufficient as a rule for a “guest or 
two”. If it was not, there was always the street tup from which 
ixtra water could he dra wn. For the larger number of guests, the 
temporary connection was provided. This was not a “disadvant- 
age.” Extra water could be obtained for extra payment. There 
was no trouble to the householder. He simply paid, and the 
waterworks staff did the rest. 
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(3) There was no waste of water in dewatering a tank. To Tha Author 
empty si lank, simply shut the inlet valve, and wait until the water 
consumption emptied it. 

(1) The reference to the wealthy bachelor was not understood. 

The wealthy bachelor was likely to have more water for his use 
than the poor man with a big family. That was in the natural 
order of things. Presumably however the Municipality could pass 
a special order, to “tax the bachelors” if it so washed ! 

(5) The idea, was incorrect. It is true of course that there 
was a greater pressure at the lower storey I ban in the upper, but. 
by a proper arrangement of pipes and taps, every point in a build- 
ing could get similar quantities of water from a central storage 
tank. The pipes to the upper stony would be larger than (hose to 
the lower storey, to compensate for the smaller pressure*. 

The Engineering Joints: — 

(1) Tin* reference to bell-mouth and wastage was not under- 
stood, lie preferred that pitch should he used in the (‘heck pipes. In 
the course of time, the check pipes as well as the rest of the mains 
wore liable to become encrusted. This was a difficulty common to 
aM forms of waterworks, and various methods were used for deal- 
ing with it. At the present lime, at a small waterworks at Chaud 
pur, the whole of the pipes were being taken out, cleaned, and 
relaid. 

(1!) As can he seen from the drawing, the suggestion was that 
the weight of the tank should be carried on the walls and not on 
the roof. The weight of the asbestos sheeting cover w r ns very 
small. 

(3) He did not think the fixing of check pipes would be very 
difficult. 

(4) Tin* pressure reducing valve was automatic, and adjusted 
itself to give more or less wafer as required, and to maintain a 
coustant pressure. 

(5) The remark “A supply ol‘ storage in 10 hours” was not 
intelligible. Water would flow into the tank for 10 hours, and 
was stored there. If the outlet taps were kept properly 
shut w hen the water was not required, the water would accumulate 
in the tank, and there would he a good quantity stored ready for 
the time when it was required. 

(6) There was likely to be a very effective check to wastage 
by the public from the street tanks. The people who habitually 
drew water from a particular tank would very soon see to it that 
the taps were properly shut. 
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The Author, The points which Dr. Chakko mentioned. 

(1) The rate of flow into a district was not to be kept constant. 
It was the head which was to be kept constant (or practically so). 

(2) (a) It was not necessary to keep a uniform hydraulic 
gradient in the main pipes (trunk mains). All that was required 
was that, at times of maximum flow, the gradient should be such 
that the pressure just before the reducing valve was above (how 
much above does not matter) that tixed for the zone. 

(2) (b) The resistance of the mains, — when steel or cast iron 
was used, would increase with age. His replies to the comments 
of other members might be seen. 

(.‘1) ff a- valve, at the beginning of a main was closed, it would 
stop I he supply to the houses on that main. If partially closed 
it would check, the supply and cause a drop in pressure, the result 
being that the flow would cease, lirst in tne highest houses, and 
later in the lower ones. 

(4) With a pure water, the discharge through the check pipes 
would remain constant for a long time. The ‘‘prolonged and 
difficult operation” was only half a day’s work or less, — it was 
prolonged and difficult compared with the operation of opening a 
'surface box and turning a tap, which could be done in a few 
seconds. 

(5) Whether a tap in a. “sealed or soldered box” would escape 
being tampered with was a matter for experiment. Opinions 
differed as to whether it would be effective or not. He Lad suggest- 
ed the cheek pipe as a simple, cheap, and effective method of get- 
ing over the difficulty. The check pipes would, he thought, be 
cheaper than a special tap with a special sealed box. 

It would be easy to regulate the flow with the cheek pipes. 

(0) Meters for each district would be useful in such a distri- 
- bution system, though not essential. A meter at the pumping sta- 
tion was in his opinion absolutely necessary. A more necessary 
thing for each district would be a Bristol Automatic Pressure 
Recorder. 

The drawing sent with Mr. Wilson’s comment shewed a design 
which would probably be useful in place of check pipes in certain 
cases. The design was similar to figure E4C of Messrs. Glenfleld 
& Kennedy’s catalogue, and he had considered it before. Ilis 
chief reason for rejecting it was the feature which Mr. Wilson 
seemed to put forward as its advantage, — that described in one of 
his sentences, — “From the construction of the apparatus, it would 
readily be seen that this diaphragm could be altered very easily.” 
His object was to produce a regulator which could not be altered 
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\ery easily. The last para. but one on page JO of the paper might The Author, 
be seen. 

He also thought that the E10 regulator would be more ex- 
pensive than cheek pipes. It might perhaps be cheaper than 
check pipes plus the strainer which he had shewn on plate IV, but 
lie very much doubted whether the strainer would be necessary in 
ordinary circumstances with a good filtered water. The orifice in 
the diaphragm of the E4(i design must obviously be much smaller 
than the diameter of his check pipes, and it was essential that the 
orifice should be protected by a strainer. Rut as the smallest 
check pipe was not likely to be less than 1/8", a strainer to pro- 
tect the check pipe would in all probability be unnecessary. 

He agreed with Mr. Vincent that the centrifugal pump was 
eminently suitable for yumping in the type of scheme illustrated 
in the paper. 

lie agreed with Mr. Tyson Wolfe in his remarks with regard 
to meters. For their proper maintenance considerable expenditure 
was necessary. In under maintenance in Bengal a difficulty was 
encountered in the fact that the meter was installed by, and 
belonged to, the householder, and yet the maintenance of it had to 
be done by the municipality. It was in the interest of the house- 
holders that meters should go out of order, and although it was 
lo tin 1 municipal interest that they should be kept in order, the 
forces operating towards good meter maintenance were not suffi 
ciently strong. 

The statement in his paper to the effect that the full If. P. of 
the engine was absorbed although no water might be delivered by 
the pump was incorrect. As noted in replies to other comments, 
the H. P. absorbed should be only about l/3rd of the full load 
H. P. 

With regard to the efficiency of tin* distribution system, he 
might, point out that with the old method of design the efficiency 
of the transmission was even less. It had been the practice in his 
office to design the system with a terminal head of 10 ft., and an 
initial head, (in a flat town) of about 50 feet : — giving an efficiency 
of only 20 per ceut. The design of a distribution system was of 
course a matter of striking a balance between the cost of fuel for 
pumping and the interest on the capital cost of the pipes. 

With regard to the ball valve of the service tank, it was of 
course possible that this would be tied open. But he did not 
see how that would enable the householder to obtain more than his 
proper share of water* He would gain nothing thereby,— -the 
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ho Author, result would simply Ik* that wafer would How out of the overllow 
pipe and would- 1 m* wasted. Tin* chock pipes would limit tjie daily 
quantify of wain* to approximately the agreed amount, so that 
(lie waterworks was not overtaxed. The overflow pipe was dealt 
with in rule N, page IS of tin* paper. 

Mr. Mahan Dev had mentioned several drawbacks: — 

(1) Weight of tanks might Ik* too much for the roofs. He 
would draw Mr. Dev’s attention to the first para on page 12 of the 
paper. If the walls would not carry the weight, tin* tank might 
be placed on a brick or iron pedestal in the compound. 

(lb lie drew' attention to the explanation of rules (>, 7 and S, 
on page 13 of the paper. Dost would In* no more than that of the 
present system. Tin* point was referred to again towards the end 
of the comments. Since tin* total cost of a house connection would 
be no more than that in the present, system, the public would not 
object to it. 

(3) Attention to 2nd para on page 12. When a street was too 
narrow' for a road side tank, the tank would be placed at the end 
or on the nearest available space. 

(4) Cost of sun protection was included in item (2), see page 11 

(f>) & (fi) Cheek pipes might widen out or become less in course 

of time. lb* thought it would be a considerable time. Water 
works appliances of every kind required occasional attention and 
rectification. 

Mr. Dev had pointed out the advantages of the electrically 
driven pump over that driven by an oil engine, be seemed to over 
look the two all-important points, viz., that in many cases electric 
power was not available, and also that when it was available the 
cost per unit was so high as to make electric pumping prohibitive. 

Mr. Dev remarked at the end that the occupiers would not 
care to pay attention to the cleaning of the tanks. Since the tank 
belonged to the householder, and since the ill effects of the dirty 
tank would fall upon him and his household only, he thought he 
would keep it clean. If lie did not, his negligence would not affect 
other people or the water supply as a whole. 



SOME WATER TOWERS IN INDIA. 

BY 

F. C. TEMPLE , Member. 


This is a brief account of JO water towers constructed during 
i In- last 10 years varying in size from a little tank containing 800 
gallons with its floor some 12 ft. above ground level, to one contain- 
ing 11 1,000 gallons with its floor SO ft. above ground level, and 
another of two tanks each containing quarter of a million gallons 
«>ne, at ground level and the other 115 ft. above it, and of two 
designed in accordance' with instructions but as so often happens 
in India postponed indefinitely for want of money. 

PURI LEPER COLONY. (Plate 1.) An octagonal tank 8' 
diameter 1 V — (>" deep ou a tower 12 ft. high. 

The walls of the tower arc of laterite 15" thick. The floor of 
i he lank is a- slab of concrete 0" thick reinforced w r ith No. 02 
expanded metal. Round the outside of the lower at the level of the 
floor slab is a band of cement plaster. Overflows are through brass 
gratings over concrete spouts. At the (op of the tank walls is a 
reinforced concrete chajja or sunshade. The roof is a dome of 
Nrick work, the first eight courses being built in cement wdfh two 
:f mild steel hoop tension rods. The lanfern is made of timber and 
w ire mesh. The top is kinged, so as to provide means of access for 
cleaning the tank. In the chamber below' is a Challenge Force 
turnip which draws water from a well just outside and delivers it 
into the tank. The supply is drawn from the rising pipe and 
delivered through four self closing taps placed round the outside of 
(lie tower. 

PURI CHOLERA HOSPITAL. (Plate 2.) A circular tank 
IT- -N" diameter, 5' (>" deep on an octagonal tower 12 ft. high. 

The architectural features of the tower were designed by the 
Government Architect Mr. J. F. Munnings. The walls of the 
tower are of laterite blocks. The floor of the tank is of reinforced 
umcrete. The reinforcement is ff" rods, 11" apart at right angles to 
one another at the bottom and radial rods at the top. The walls of 
i be tank are of masonry with a reinforced concrete core in winch 
are set the steel tension rods to resist the water pressure. The 
roof is a light dome on a steel frame work the panels of which are 

1C 



THE INSTITUTION OF ENGINEERS (INDIA). 


82 

filled in with 3" thick concrete reinforced with diamond mesh. 
Access is given by a 2' sq. manhole set in the dome. Ventilation is 
given through gauze covered openings all round a hintcyn. The 
inlet pipe which is controlled by a ball valve is brought lip the out 
side of the tower. The outlet is taken out of the centre of the 
floor. 

MUZAFFAKPUK HEAD WORKS RESERVOIR. (Plate 3.) 
The pumps at the Mazatfarpur waterworks deliver into three* 
elevated reservoirs, from which the distribution pipes arc* fed. 
One of these is situated at the Head Works. It consists of a 
circular lank 23' diameter containing 21,000 gallons with .10' depth 
of water and floor 30' above ground. It is carried on an octagonal 
brick tower and a central shaft which is carried through the water 
space to give access. The weight on the brick work is limited to 3 
tons per square foot. The lower stands on a reinforced concrete 
block spreading the load to A ton per sq. ft. on fh o' soil. The floor 
of the reservoir is of 5" brick set in cement. Half bricks and 
random bats were* used, set on end. In the joints are steel rods, 
forming a grid at right angles of rods 5'' apart in one direction and 
3" apart in the other. Over the - r >" of brickwork is (>" of cement 
concrete. 

The reservoir is a true balancing reservoir. There is only one 
pipe for inlet and outlet : when tin* supply from the pumps exceeds 
the demand the excess water accumulates in the reservoir: when it 
is less the deficiency is made good from flu* reservoir. The single 
pipe is brought through the floor and finished in a bell mouth on tin* 
floor level. Overflow is by a 4" pipe also taken through the floor. 
Where the pipes go through, the reinforcement of the floor is 
secured to a steel ring, and the floor is strengthened by the addition 
of a reinforced brick beam, extending from the outer wall to the 
central shaft. The junction of the pipes with the floor is rendered 
watertight and given pliancy to allow for inevitable movements by 
a collar of soft bitumen. 

Tin* walls of tin* tank are of cement brickwork forming an 
inner and outer lining enclosing a cement core reinforced with 
Expanded Metal. 

The roof is a two ring brick dome set in cement. The tensile 
strain in the lower part of the dome is taken by steel wire set in 
each course of the brickwork. 

Ventilation is through wire gauze covered openings in a lantern 
on the dome. These openings are arranged to give access to the 
outside of the dome. 
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Control valves are placed in the bottom of the tower and there 
is a bye pass for pumping direct into the mains when the reservoir 
is being repaired. 

A water tower almost exactly similar to this in the superstruc- 
ture and tank has been built at the Indian Iron and Steel Works, 
Asansol. 

MUZAFFARPUR SOUTHERN RESERVOIR. (Plate J h ) 
This contains 70,000 gallons and like No. 3 is a true balancing 
reservoir. The tank is 39' diameter holding 10' depth of water, and 
rests on two concentric brick towers, the inner one of which is 
carried right up to I he roof. Weight on brickwork is limited to 3 
tons per s(j. ft. The tower resls on a reinforced concrete block 
giving a load o£ i ton per sq ft. on the soil. The. Iloor of the 
reservoir is carried on the two annular brick towers and on rein- 
forced brick beams set between llie inner and outer towers. The 
construction of tin* iloor of the tank and the arrangement of the 
combined inlet and outlet pipe and of the. o\erlow pipe, and the 
construction of the walls is the same as in No. 3. Across is pro- 
vided by means of a ladder to a landing in Hie. inner tower and 
I hence by another ladder through a shaft in the centre of thhe tank. 

The roof is a. very light dome shaped structure resting on the 
inner tower at the centre and on the. outer walls. It is 2j" thick 
reinforced concrete made by fixing wire mesdi on a light steel frame 
work and as the engineer in charge said “throwing cement plaster 
at it.” 

Ventilation and access to the outside is provided by wire gauze 
covered openings in a lantern. 

MUZAFFARPUR NORTHERN RESERVOIR. (Plate 5.) This 
is a balancing reservoir similar to Nos. 3 and 4 but holding 100,000 
gallons. 

The design and construction are similar to that of No. 4 except 
that as the diameter of the tank is 47' the roof is built almost flat. 
The outward thrust due to the slope of the roof is taken up by a 
steel ring set in concrete. 

Tn No. 3, 4 and 5 provision for the inevitable movement at the 
junction of wall and floor of the tank is made by taking the rein- 
forced core of the wall down to the underside of the tank floor. 

PATNA GENERAL HOSPITAL RESERVOIR. ( Plate 6J 
Thn consists of a circular tank containing about 25.000 gallons, 20' 
diameter with a dished spherical bottom of 15' radius. The dished 
spherical bottom rests on an annular brick tower some 35 ; high. 

m r 
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The dished spherical bottom is constructed in reinforced concrete 
designed on the principles laid down for steel tanks by ^e late 
G. F. Deacon, M.I.C.E. based on the fact that the tensile stress at 

any point is where r is the radius and p the pressure per unit 


area. The reinforcement is arranged in concentric rings and 
radial lines so placed that in every area there is sufficient steel to 
take the tensile strain. As the radial rods go apart and are too far 
separated to take the stress others are introduced in the inter- 
mediate' spaces. The stress of the whole bottom is secured on the 
walls by a reinforced concrete ring into which the radial rods are 
bent over. The walls are built as in No. ‘1, 4 and 5 of two rings of 
brick enclosing a reinforced concrete core. In this form of 
construction there should be no separate' movement of Avails and 
floor. The roof is of 3" reinforced brick panels, .3" thick on a frame 
work of 11x11x3/10 T iron. Ventilation is provided by a lantern 
at the top. A ladder outside' the tower Lending to a manhole in the 
roof from which reinforced concrete steps lead down to the dished 
bottom gives access to the tank. The inlet and outlet pipe are one 
almost up to the floor hut as the top water level is below that of the 
Patna elevated reservoir, the pipe is divided to give inlet through 
a ball valve at the top and outlet through a non- return valve at the 
bottom. 


RANCni LUNATIC ASYLUM RESERVOIR. (Plate 7J 
This is a balancing tower of 50,000 gallons rapacity very similar to 
No. G in design except that on account of the commanding position 
that it occupies on top of a hill much attention was paid to its 
architectural features, and a balcony was added from which the 
view of the surrounding country can be seen. The tank is 30 ft. 
diameter with a spherical dished bottom of 21' radius, the depth of 
water being 10' at the Avails. The tank is carried on a masonry 
tower 34' high. This toAver lias a base of rough dressed stone, and 
above is of brick Avith stone quoins. The bottom of the tank is con- 
structed in the same wav as that of No. G except that the radial rods 
are projected out to form the cantilever floor of the balcony. The 
rods are J* rounds spaced concentrically and radially at 6" inter 
vals, and on them is laid wire mesh. The walls are similar to tliosr 
in No. G the core being reinforced with x.i\m. and rods. The 
balcony has a roof which shades the sides of the tank and helps to 
keep the water eool. This roof is of light reinforced concrete tied 
to the wall of the tank and resting oil reinforced concrete pillars 
standing on the cantilever floor of balcony. The roof of the tank 
is of reinforced concrete on a light angle iron frame The lantern 
which provides light and ventilation is sufficiently heavy to put the 
whole of the dome in tension. (See Stress diagram.) Access to the 
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balcony and to the tank is provided by a turret staircase. The 
combined inlet and outlet pipe is brought up direct to and through 
the bottom of the spherical dished bottom. The valve gear is 
similar to that in Nos. 3, 4 and 5. 

The spherical dished bottom built in concrete is not entirely 
satisfactory. The concrete is all in tension and sweats nearly 
always. If the reservoir is empty the concrete contracts slightly 
as it dries and the sweating is thereby increased. When it becomes 
wet again it swells and partly at any rate “takes up/’ Tim archi- 
tectural features of this tower were designed by Mr. J. F. M minings. 
Govt. Architect. The total weight of the tower when full of water 
is about lit) tons. The load on the brickwork does not exceed 3 tons 
per s(j. ft. and that on the foundation ] ton per sq. ft. 

PATNA NEW CAPITAL RESERVOIR. (Plate 8 .) This 
reservoir had a chequered history. Mr. G. W. Disney proposed !<> 
erect a steel tank to hold 100,660 gallons on a lattice frame work 
some* 50 7 high. Mr. J. F. Mannings persuaded him to put it on a 
masonry tower and clothe it in masonry with a domed roof. Mr. 
N. McK. Barron who came as Mr. Disney’s assistant persuaded Mr, 
Disney to raise the level of the Moor of the 4 tank lo 85' above ground, 
but meanwhile the P.W.D. had begun construction. By the time 
the author took charge the tower was some 30' high. Owing 
presumably to the divided responsibility no opening except the door 
with a portico intended for access had been left by which the water 
could go in or cniL 

The design of the tank was then changed from steel to rein 
forced concrete, and the capacity was raised to 118,000 gallons. 
It is 43' internal diameter and contains 12'- -0" of water. Tt is 
built of reinforced concrete throughout. Tt rests on a circular 
brick tower and on two brick cross walls which divide the tower 
under the tank into throe compartments. 15" x 5" Cross girders 
run between the cross walls and the circular outside Avail. 

The centering for the floor Avas made of planks supported on 
the loAver flanges of the girders. At the floordev r el the outside wall 
is corbelled out to form a balcony. This gave sufficient space with 
the lielj) of extra staging on the scaffolding for mixing the concrete 
at the floor level. The materials were all hoisted up in advance. 
Concreting of the 6" floor was started at 7 A.M. Labour was pro 
vided in reliefs, so that from start to finish work proceeded on a 
green face avoiding the formation of construction joints and 
finished at 10-30 P.M. The reinforcement was X.P.M. laid one inch 
above centering, with strips near the top OA r er the beams to take the 
reverse bending moment, The 12" combined inlet and outlet pipe 
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finishes in a bell month level with the floor. The overflow is a 12" 
bell mouth leading into a 4" pipe. Where both these pipes pass 
through the door they are fitted with a flange round which is a 
collar of soft bitumen to stop leakage. To prevent damage to the 
iloor from movements in such high stacks the 12 " supply pipe is 
lif ted with a stuffing box expansion piece, and the 1" overflow is 
given an 8 bend cast off. 

The walls of the tank are of concrete 9" thick reinforced with 
\\I\M.. The centering for the walls was made of 9" brickwork in 
mud. This did not give a good surface and a V cement rendering 
was necessary. 

The roof is a dome made of panels of reinforced brickwork 3" 
thick supported on an angle framework, the whole being surmounted 
by a lantern of concrete reinforced with steel rods. Access to the 
balcony is obtained by a reinforced brick staircase which goes up to 
a landing inside the lower lending out into a small balcony from 
which a ladder leads up to the main balcony. From the landing a 
reinforced brick walkway hung from the girders of the floor leads 
to (lie expansion joint in the stack of the 12" supply pipe, and a 
spiral staircase leads up through (he water to the inside of the 
dome. Thence iron ladders lead down into the tank and up into 
I lie lantern. 

When the tank was first litted there were some bad sweatings 
in the floor and some definile leaks in the walls particularly in that 
of the spiral staircase. These were stopped with ironitc and with 
Mutex. 

The supply pipe entering the base of the tower from the pumps 
is 15". It leads up into the tower through the 12" stack already 
described and delivers to the town through a- 14", and two 8" pipes. 
The two latter are fed through a Deacon waste detecting meter. 
There are control valves on each main and a byopass makes it 
possible to supply the town without going into the tank. 

The sub-soil at the site of the reservoir is by no means 
homogeneous as layers of clay and sand alternate, their thickness 
varying very considerably in different places. It was not until the 
tower had been built some 20' above ground that it was observed 
that it stood on a clay bed only 11' thick and that V of that had 
been dug out for the foundation. Underneath is a water bearing 
sand. If any settlement has occurred it does not appear to have 
injured the tower. 

JAMSHEDPUR CENTRAL WATER TOWER. (Plate 9 J 
This tower is situated on the highest piece of ground in Jamshedpur 
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proper. It contains two tanks eaeli holding about quarter of a 
million gallons. One tank is at ground level and tlie other has its 
floor do It. above ground. The upper tank supplies all th*i high 
level area of the town, and the lower tank supplies the low level 
areas b y trunk mains which run untapped through ihe high level 
area. The tower rests on a foundation of F- -IT of cement concrete. 
The inside diameter of the lower tank is 55 ft. The wall at the 
base is d' — 3" thick, composed of an outer skin of brick work 18'' 
thick and inner skin \)" thick, with a 12" reinforced collar between 
them. The reinforcement is 1" rods running round the tower and 
secured to vertical 1" rods about 12' apart. The maximum depth 
of water in the lower tank is 20 ft. ; at this level it overflows through 
eight spouts on to the ground outside. From lop water level of the 
lower tank to the floor of the upper is 15 ft. Reinforcement in that 
height of the walls is not. necessary, but 1/2" rods were placed 12" 
apart to give greater strength to the tower. To help to carry the 
weight of I lie upper tank and of llie roof a shaft of brickwork with 
internal diameter 10- 2" and external diameter 22 - N" is carried 
up to the upper floor. To carry the floor of the upper tank 15" x(F 
rolled steel joists are placed radially between the shaft and the 
outer wall and 15"x0" parallel across Ihe shaft. On the lower- 
flanges of the floor joists a centering was built and on the center 
ing reinforced brick slabs were set from joist to joist. The 
strength of the local bricks is not enough to stand the crushing 
stress of the weight of water in t lie* upper tank, so Ihe bricks wen* 
cut so as jus! to res I on the edges of the joists to form a water tight 
junction, and were slightly bevelled towards the top, allowing the 
cement concrete of the floor to come down on to the top flanges ol 
the joists. The reinforcement ran through continuously over tin* 
joists. The concrete for this lloor was mixed on the ground and 
hoisted up ready mixed. Concreting started at 7 AM. and went on 
continuously until A AM. next morning. 1-2- A concrete was 
used without the addition of any water prooflng material and this 
lloor has never shown any sign of dampness. The wall of the uppci 
tank was built in the same way as the lower. At the junction of the 
wall with the floor of both the upper and lower tank a bitumen 
joint was made to allow for the inevitable movement. The central 
shaft was carried riglit up to support the roof and lantern. 

Attached to the lower tank is the semicircular valve chamber 
covered with a half dome. Into this comes the 18" rising main 
from the pumping station. It breaks Tip sending a 10" branch to 
Kadma, a 10" branch into the lower, and a 12" branch into Ihe 
upper tank. Bye-passes are arranged so that either tank may be 
cut out for cleaning. Part of the low level area of northern town 
can be fed at will from the upper or lower tank. 
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Tlie head required to send the necessary waiter into the upper 
tank and to Kadma is the same. The margin of head available 
at the pumping station is small, so in case at any future time it 
becomes too small, for the duty, space has been left in the valve 
chamber to put in a middle floor with boosting pumps to add the 
necessary pressure to the water in the mains. The necessary blank 
flanges for this purpose have also been provided. To make the half 
domed roof of the valve chamber strong enough to carry any weight 
if machinery lias to be installed Avould have been difficult, so a 
triangular structure of (> steel beams, three forming a horizontal 
triangle and the other three a pyramid on it as a base, was erected 
on the walls. This actually carries the weight of the upper part 
of the half .dome, and it also carries the cast iron grid floor which 
is reached by a reinforced concrete spiral staircase. From this 
landing iron steps lead to the entrance into the tower above 
T.W.L. of the tirst tank, through which go the iulet pipe to the 
lower tank and the inlet and outlet pipes of the upper. The in- 
let t.o the lower tank runs on a. platform to the centre where it dis- 
charges through a float valve whi/ch comes into action if the lower ^ 
lank Alls Indore the upper. Access to the bottom of the lower tank ' 
is given by a steel ladder. 

A circular shaft leads up through the upper tank to the space 
above T.W.L. In the shaft are the inlet pipe which discharges 
free into the upper tank over the top of the shaft, and a spiral 
staircase which is placed at one side to allow of hoisting materials 
by means of a tackle hung from a beam placed over the shaft. 

A cantilever platform runs all round the upper tauk giving 
access to the gauze covered openings which are protected outside 
by a reinforced concrete chajja. A steel ladder leads down to the 
floor of the tank. 

The conical roof is supported on a steel frame work like the 
ribs of an umbrella. The roof itself is made of 3" reinforced brick 
work resting on the steel frame work. It is covered with a glass 
mosaic of broken soda water bottles set in cement. This glass 
mosaic glistens in bright suuligEt and at other times looks like old 
copper. 

The top of the tower is flat, over a ring of gauze covered open- 
ings. A manhole leads through tlie roof. For convenience when 
repairs are necessary iron rings are built into the masonry all 
round the top of the cone. 

The difficulty of maintaining the water supply in the town in 
the hot weather was such that during one hot season when the 
lower tank was built up to T.W.L. it was used as a balancing 
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reservoir. This lengthy test disclosed a Jew points in the walls 
which wore not water tight, and they were grouted up. The whole 
of the inside of the lower tank was cement rendered with aVement 
gun. The difficulties of this operation are described in a paper 
published in the proceedings of the Institution of Mechanical 
Engineers in December lb-o. The rendering was hard throughout 
but at a few points was slightly porous. This was cured with 
rzerelnij's Del inlying Liquid. 

When the upper tank was complete except for its cement 
rendering it was tilled with water. A great many places in (he 
walls sweated, some leaked and two even squirted. To s ee what 
was wrong the inner brick lining was cut out at the worst places. 
i( was then found that the* work on the core joint had boon cave 
lessly done, and that enough tine mortar had not been used at the 
beginning of the day’s work to ensure close contact with the pie 
vious day's work. All such places were made completely water 
tight by setting in pipes and leading them up abo\e T.W.L. and 
grouting therefore under greater pressure than the water could 
ever exert subsequently. After all leaks wore stopped the inside 
was ccmcn I rendered. To erect a scaffolding from the Hour of the 
tank would ha\e been a long, tedious and expensi\e job as all the 
material would have to bo hoisted in and out again through 
narrow' openings high above ground level. Instead barrels and 
and planks were hoisted up and rafts were made. The rendering 
was then done from (lie rafts’. A little water was let out each day : 
enough to allow the men to plaster another ring. This method was 
not entirely successful because the bricks were so porous (all the 
local bricks are very poon that they held water like a. sponge, and 
let i( ooze out just sullicient ly to prevent the rendering holding 
continuously to the brickwork. After two or three months’ use the 
lank was emptied and the loose patches cut out, and replasiered. 

The architect lira 1 features of the tower were designed by 
Mr. G. M illet, F.K.1.1LA. The sunk panels are plastered with 
grey cinder mortar which has the effect of making the pilasters of 
sand plaster stand out. very plainly. 

II was originally intended to regulate the supply to the tower 
by a telephone system from the pumping station nearly two miles 
away; but experience has shown that it is necessary to keep men 
always on duty in I In* tower to balance the supply in top and 
bottom tanks. The presence of these men is convenient as they can 
be called for minor plumbing repairs, or in case of trouble in the 
night. 

That the tanks have remained entirely free from algoid 
growths during four years’ use is believed to be due to the presence 
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ol a \erv slight amount of chlorine l<‘f t from the chlorination al 
t In* | hi ri Mention works. 

-IAMKI lEDPTR KADMA RESERVOIR. (Plah JO.) The 
.famshcdpiir water supply system is designed to he fed from a 
number of reservoirs placed in -comma mi in g situations, each in- 
tended to hold approximately one-third of tire day's supply for the 
area that it serves. Of the proposed reservoirs two have, been 
built, serving three areas as one of the towers containing two 
tanks. The Kudina reservoir holds 270,000 gallons. 11 is built, 
on a. rock the fop of which is sufficiently high to command the 
whole area. All loose and rotten pieces of the rock were cut out : 
tlu* fissures were tilled with 1 l\ 0 concrete : and a. floor of 7 inches 
cf 1 2-1 concrete laid o\er that. The walls are two rings of brick, 
work 0" outside* and 0" inside* with a (P reinforces! collar joint, 
'idle* roof is carried on the outside wall and on a shaft near the 
* entre which is carried up to form an access chamber. It is a flat 
reinforced brick slab laid over radial be*ams and covered wit li lime* 
concrete. The* aece*ss chamber is cov<*red by a Saracenic dome*. 
This dome was built without, any centering. Each course was 
started by fixing spikes in the course* just finished ami working 
round from them until the ring was cemiplete*. As the* rings closed 
in each man had a> helper te> hold the bricks just set until the ring 
eh)se*d. Ruder the* final opening wh<*n it became too small for a 
man te> we>rk a few r planks were placed ami him gap was filled from 
outside. This resen e>ir is at a lower level than another filled 
through the saim* rising main, so is controlled by a ball valve. 
The inlet pipe* gems up the outside of the w r all with a vertical iron 
access ladder beside it. The* outlet is through a bellmouth in the 
floor. There is a wash e>nf. connexion fe) the delivery main, and a 
bye pass provides loc pumping elirect from tbe rising inte> tlie* deli- 
\erv main when necessary. Ventilation and light an* given through 
x :V gauze eove*n*ei windows situated above fop waiter level and 
just under tbe* roof. They are* protected by a clinjja which goes all 
round the tenver and shades I In* w alls to a eonsielerable extent 
from the sun. 

Tbe remaining tw r o afe only designs which will very likely 
never materialise*. 

SITAMAKLII RESERVOIR. (Plate 11.) The scheme for a 
waterworks at Sitaiuarhi was designed at a time* when much in- 
terest was being taken in minor waterworks schemes. The idea 
nt the back of these schemes was that by finding a small source of 
water and erecting a pump ami an overhead tank with a small filter 
the advantages of a filtered water supply might be demonstrated to 
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a small part of a town. The idea was totally unprac- 
tical but it was sponsored by the people who had the money, and 
much good explanatory boring work was done, disclosing # among 
other things a sweet non ferruginous Artesian water underlying 
Balasore and a very extensive water bearing sand underlying 
Sitamarhi. The Sitamarhi V bore hole behaved very well under 
test and it was accepted that a regular supply of 50,000 gallons a 
day with occasional demands of 75,000 could be obtained. Tin* re 
servoir designed to deal with this was to hold 50,000 gallons. 
Here as in the Muzaffarpur reservoir it is proposed to provide 
access to the tank through a central shaft. The design differs 
from the others in that the annular tank should have its floor 
dished so as to put all the steel in tension. If the author had to 
build this now be would alter the design and make the floor flat 
or even arch it upwards so as to put the concrete in compression. 
Experience has shown how much easier it is to make concrete 
watertight against compression than against tension. 

DALTONGANJ RESERVOIR. (Plate 12.) The town of 
Daltonganj lies along the side of a hill. Its water supply is from 
the East Indian Railway tank, through a pair of Jewell pressure* 
filters. These filters were a- great disappoint men I ;us they fre- 
quently delivered muddy water into the town. This was not the 
fault of the filters. They never had a chance. They delivered 
direct into the town mains, and at times of maximum demand 
were called upon to pass much more water than they were design- 
ed for. The proposed reservoir was intended to balance tin* supply 
and demand. Tt was to be a tower containing two tanks one 
above the other, to supply the different levels of the town. The 
principal interest in this design is the architectural treatment de- 
signed by Mr. A. Millwood, Govt. Architect, to combine the 
tower holding the tanks, the access turret, and the valve chamber 
in a harmonious group. The lower tank was to rest on the ground 
and the upper was to have a Deacon spherical dished bottom. 
Both inlets were to be above T.W.L, the lower being controlled by 
a ball valve. Both outlets Avcre to be from the centre of the dish- 
ed floors. 
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• DISCUSSION ON 
SOME WATER TOWERS IN INDIA. 


Mr. 0. 
lira fishy 
Williams 


.Mit. <i. i I ran si*v UTu.mis rK<*d that Air. TcmpJebs jki j»<*i 
on filler low (‘is was pa i ticiilarly interesting jo him, for la* h.p 
probably designed and creeled more water lowers Hum anyone c!m 
in India. Aloxl ol tin* stuicl hits lor which lu» bad Imvii respoiisiliii 
were he must confess mo rr uscliil Ilian ornamental in which rcspm i 
bo I hough! I hey icsembled tin* majority ol' (In* (owns illustrated m 
the paprr. Tin* t rut h was dial il was exl reinrlv dilliciill lo desmi 
a water lower that was sal isfaeloi y from Ihe aesthetic jioinl «u 
\iew, unless il was made lo look cn!ircl\ unlike a water lowii, 
This problem was one of many dial raised die wide ipieslion m 
engineering a i eliilci l me, wliicli, Ik* miglii confess, was a subjei 
on which it bad been his ambit ion lo write a I realise, in die dim 
(dial e\or seemed lo get mole remote) when he could desert i In 
parch nlililarian side of his piofession and devole himself lo id 
philosophical eonlemplal ion of ils Iheorelical and psyeholngii a! 
aspects. 

1 1 is view was dial what was reipjired in the civil enginecmi" 
world was a class of men w ho specialised in engineering archihc 
lure. 11 was dillictilt lo sa t \ wind her more inonsi rosil ies wen 1 
produced when Ihe 1 ordinary aiehiteel tried lo design engiueci n.i, 
slruelures, or when I lu* a\iT;i^e engineer endeavoured to do ui 
.* rrh i feet’s job. A slruelure derived a eerlain beauty from be n.n 
enl ir(*l\ suited for I la* purpose il served, bill il could acipHi 
not bin*; bill ugliness Irom meaningless e\cret ions. As an exainpd 
ol this thesis he miglii point out that nothing could Ik* moregrmc 
till and suilahh* lo its surroundings Ilian limners eliplic hrnL 
a.i'ch over 11k* Thames at Alaidenhead. If all engineering arehiler 
1 11 re were planned on similar simple lines the present day world 
much more beautiful for it. 

lie was taking Ihe liberty of shew ing a photograph of Ihe wai‘‘i 
tower he had recently designed and erected at Touch Uohar, 
wliicli lie ventured to say, to some extent at all events, his pd" 
eiples wore illustrated. He did not suggest, that il was an ideal 
structure lmt he did think it reached a higher aesthetic sta-nda" 1 
than most water towers in this country. 

As this water tower had some interest from a purely engineer 
ing point of view, ho hud also shown a plan and section of tin 1 
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building. The basement served as a pumping station for Hie water Mr. u. 
works. Three motor driven triple ram pumps formed the pump- (vniianH 
jug machinery. Two pumps were usually in work, the- third being 
a standby. The water supply was taken from two tube wells, the 
pumps drawing separately on each well. The tank itself was of 
steel, with a hemispherical bottom. The capacity was about 0 . 0,000 
gallons. It aeted as a balancing tank, the inlet and the outlet 
being through t he same pipe. The roof was a reinforced concrete 
dome. The access to the tank was through a spiral staircase built 
in the turret which was extended above the dome of the main struc- 
ture to a (inial, 89 f<*et above ground level. 

In regard to domes, lie must confess that, one remark of 
Mr. Temple’s had puzzled him. lie spoke of the lantern over the 
Ranchi Lunatic Asylum Reservoir as being suflicientlv heavy to 
put tin 1 whole dome into tension. Tin 1 only condition in which 
every part of a dome could be in tension seemed to him to la* when 
tin* pressure was from inside. In such circumstances the position 
would be similar to that in the hemispherical bottom of a steel 
tank if that were inverted. If his assumption was correct we 
arrived at a paradox, that the heavier weight we put on the dome, 
the lighter it became! so if we only increased the weight sufficient- 
ly, tin* upward pressure would be enough to raise the whole struc- 
ture from the ground and let it float away. In fact all we had to 
do to build an airship would lie to construct a dome and put a 
heavy enough weight on the fop. Even Einstein had hardly 
suggested such a complete subversion of our ideas of tin* force of 
gravity so he presumed there was some fallacy in his reasonings. 

He would he obliged if Mr. Temple would point it out. 

Mu. J. M. Kay remarked that he deprecated the additional Mr. j. M. 
tower for the staircase on grounds of economy. A stair could be Ray * 
cheaply put in winding alongside the wall of the main tower. The 
space between fhc.rSteel lank and tin* wall supporting the roof was 
only 2'. This he considered too narrow. It gave sufficient space 
for a- man to go round but he thought 'it too cramped for workmen 
to do any repairs as cutting out a rivet or painting. The ventila- 
tion holes appeared to him to he inadequate from the drawing. 

He would like to know the reasons why Mr. Williams chose a steel 
lank in preference to reinforced concrete tanks — whether he found 
the former to be economical. Ilis remarks on the additional tower 
for the staircase and comparative economy of steel and reinforced 
concrete tanks applied also to Mr. Temple’s paper. lie*' wanted 
to know Mr. Temple’s opinion about the best paint to use for 
painting steel reservoirs. He questioned his advice of allowing a 
reinforced concrete floor slab to go right over the supporting wall 



114 THE INST IT IT ION OF ENOlNEEltti (INDIA). 


Mr. J. M. 
Hay. 


Mr. (i 
JR rarity 
Williams. 


Tim Aullior. 


ns lie I Ik 1 the weight of tin* upper story wall resting on I Ik* 
reinforced concrete slab would pmeiit expansion and contraction 
(hereby (ending to produce cracks. » 

.Mu. (i. 1 »n \.\ sn\ AViluams in reply lo Mr. J. M. Kay said- 
The staircase lower added to the effect and did not materially 
increase the eosl for if it had not been constructed (he main town* 
would have had lo be made larger. A space of 2' was quite sutTi 
eienl for (he purpose for which i( was required. The ventilation 
holes were 2' in diameter and a sufficient number laid been 
provided. 1( was not necessary lo go into the question of com 
para five cost in that ease for tin 1 steel lank had been adopted on 
account of the liability of Hooch Debar to earthquakes. 

Tiik A rTijnit in reply said that lie very much deprecated what 
he* was only able to describe as the gross materialism of many oi 
the comments on his paper. The point of view appeared to be 
that as a water tower would probably not be beautiful, the 
cheapest possible structure however hideous should be erected 
simply because it was the cheapest. He had never agreed with 
that point of view and preferred masonry water towers to steel 
because he thought la* could make them less ugly. In his arclii 
lectural efforts la* had been much helped by the late Mr. Keorge 
Witte! . (lovernmeuf Architect in Horn bay, who had told him 
never to pul a meaningless string course or moulding, and lo 
remember that shadows and openings are more noticeable and 
therefore more, important in design than walls and pillars. An 
inspection of tin* designs attached to tin* paper would show 7 that 
outside mouldings were almost all put where extra strength was 
required. For instance, in a raised tank the line of the lloor 
mijfld be emphasized by a moulding outside as extra strength was 
required at that point ; and indeed one of the easiest ways of 
preventing leakage at tin*' junction of walls and lloor was to put a 
reinforced collar round the foot of the wall, so that the wall could 
actually stand and move in a joint of bituminous material. Again 
a chajja or sunshade throwing a pleasing shadow could reasonably 
be put over top ventilators. 

The statement that a heavy lantern could put a whole dome in 
tension was of course very loosely worded. The formula however 
for calculating the stresses in a dome, given in Marsh and Dunn’s 
Hand Kook, actually gave a diagram to that effect. And it was 
true that a dome with a heavy lantern would fail, if it did fail, by 
bursting at some point possibly close to the lantern. The masonry 
carried the load in compression, but hoop reinforcement would be 
necessary to the top of the dome to prevent failure by bursting. 
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lie had built inside and outside staircases to give access to Tho Author. 
Hie tanks in his water towers and on I lie whole lie preferred them 
outside, because they gave much more convenient -space for pipes 
and valves and were very little if at all more expensive. If a stair 
case was pul inside, the whole, tower had to he enlarged to give the 
necessary capacity, thus adding to the cost of expensive main walls 
and floors and roof. 

lie Was in favour of carrying the floors right through the walls. 

He thought there was less danger of cracking than when the floors 
were built into a recess in the wall. In the same way, he was in 
favour of building roofs rigid over walls, and starting parapets 
afresh on llu* roofs. He had never been able lo understand the 
Indian custom of building roofs in a niche on the walls of houses 
;ind in his experience leakage nearly always occurred at that, point. 

A Hat roof was bound to mo\e and he was in favour of letting if 
move 1 on top of the walls. It was most improbable that it. would 
move always in the same direction and so creep off the building. 

He had tried many water prooling materials mixed with 
cement, hut had found that the best method of obtaining waterproof 
cement, work was to use plenty of cement, and to see that if was 
put in <he proper place, lie used a one to one cement and sand 
mortar to start each day’s work in cement, core lillings of brick 
walls, and arranged' for raised lloors lobe made in one continuous 
operation so that work was done throughout on a ‘green’ face and 
there were no construction joints. 

He had used cement grout, forced in underpressure both by 
gravity and by a pump to stop leakages with souk* success, lie 
did not recommend large ventilators to water tanks, as they let. in 
too much light and thereby encouraged algoid growths. He 
preferred plenty of small ventilators, well shaded by a cliajja. 

He had tried many paints for protecting si eel from rust and 
liad not yet found one that he considered rea-lly sat isfactory. This 
had influenced his preference for masonry or reinforced concrete 
tanks. 
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THE RECONSTRUCTION OF THE 
2’ 6” GAUGE BRIDGE ACROSS THE 
NERBUDDA RIVER, BLNGAL-NAGPUR 

RAILWAY 

BY 

C. I. STABLER, Member. 

As 1 li is paper (lrals primarily \\ i M i I Ik* salvage and rcmnstnic 
lion ol* this bridge, it is perhaps unnecessary to go into details 
concerning its actual wash away. 

Suffice il to say that, on the IBIli ol September H)2(i, the river 
rose (o the unprecedented reduced level of 1,282 a I I la* Bridge site, 
as against the pnwious highest known reduced lewd of l,2t>2 feet 
id ove sea level. 

The bridge consists of live 200 foot spans, ami one 150 fool 
span, all of the Whipple Murphy type, being IT feed over nil in 
depili. The \wiler rose about I' — (>" over (he tops of t he top booms, 
and when i( subsided, il was found (lint all (lie spans had disap- 
peared except one 200 fool span on (lie Gondia, side of (he liver. 

By the 1 St H of October lln* waier had fallen considerably and 
al ! tin' wrecked spans were visible. 

Illustration No. 1 shows their respective positions as (hey lay 
in the river lied, and the fact (hat one span weighing over 250 tons, 
had been carried nearly half a mile down stream, testifies to the 
great force of the current. 

Illustrations Nos. 2, 3, 1 & 5, showing view’s of some of the 
wrecked spans, were unfold unately taken with a very small camera 
lifted with a wide angle lens, which has had the effect, of making 
the spans appear (in some cases) much longer than they actually 
an*, but (in all cases) much straiglitcr and less damaged than they 
wen? at. dial date. 

These photographs were also (a lam after the spans had been 
cleared of brushwood, tree trunks and other debris. 

The damage sustained by the spans was in many instances 
interesting and curious. 

The most remarkable feature was the paucity of sheared 
riveted connections. Tn almost every case, the steelwork of the 
various members had been bent, and torn, while the rivets in the 
connections were intact. All rivets were of steel 7/8 inches dia- 
meter, except in the decking, where they were 3/4 inches diameter. 
Field rivets had been put in by pneumatic hammers. 
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All Hie spans except No. 6 ( 150 feel ) had been rolled along 
the bod ol’ (lie liver before coming (o rest. Thus the lij»hf over 
Ivoatl bracing and arching had suffered the greatest damage, while 
the heavy flooring. consisting of 5 /X inch deck plates laid over 
10" x 0" rail girders and IT inch deep eross girders, had withstood 
the excessive strain extraordinarily well in all cases. 

So marked was this in the case of No. 4 Span, which had been 
rolled farthest down stream, that, whereas the flooring was prac- 
tically undamaged, the wind and portal bracing had collapsed to 
such an extent that the two top booms were actually touching each 
other at one point. 

Hence the top booms of all < lie spans suffered more than the 
bottom booms. Indeed, se\eral pieces of the latter had suffered so 
little that they might have been put back into position without 
any work being done on them, except that in the process of rolling 
along the boulders forming the river bed, the edges of the flange 
plates had been very badly frayed and cut. 

After a careful examination of all the spans, the Chief Kngi 
neer decided to salve, cut up and recondition spans 2, 5 and 0. 
As much as possible of spans 3 and 4 was to be salved, but as 
these spans were considered to be damaged beyond repaid, it was 
derided to replace them with two new spans from England. 

It was also decided to raise the height of tin* piers twenty 
feet, in order to ensure that the girders would be well clear of 
the water, should a repetition of such a remarkably high flood 
take place. 

Arrangements were at once made to construct a pontoon 
bridge to enable passengers to be transhipped until such time as 
through running could be resumed by means of a diversion and 
pile bridge 1 . 

The pontoon bridge was nine hundred feet long, and it was 
opened to Traffic on the 14th of November, or only 27 days after 
the derision to build it bad been arrived at. 

The pontoons consisted of six 45 gallon oil drums fixed in 
timber frames, ns shown in Illustration No. 6. 

There were 60 pontoons spaced 15 feet apart, centre to centre. 

The decking consisted of bamboo “challis”, covered with 
gunny bags loosely tilled with sand. 

The sand filling was found to be unsatisfactory, as it had a 
tendency to become pressed out towards the sides of the decking, 
and also wore away the bags very quickly. Straw filling was 
afterwards tried with much better results. 
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AVhile the time taken to complete this pontoon bridge is pos- 
sibly not a record when compared with some of the achievements 
of the Great War, the speed at which if was designed, built, tran- 
sported (including transhipment) and erected must rank high 
amongst the Engineering efforts of India. 

The diversion was S,()00 l’eet long, with a ruling grade of 
1 in 35. 

The pile bridge consisted of thirteen 10 foot spans during the 
season 192(5-27, but was extended by two 20 foot and two 30 foot 
spans for the following season. The girders were carried on 
timber pile piers, as shown in Illustration No. 7. 

The pile driving was done lirst with a 15 cwt. drop t up 
operated by a steam winch, but afterwards with a steam pile 
hammer fed by a Cochran boiler. 

The pile driving pontoon, consisting of 130 oil drums yoked 
into a timber frame, was built at site. It was a successful pon- 
toon in so much as it only drew 2' — 4" of water under full load, 
but it rolled so badly under the action of the ilrop tup, that heavy 
bnllie legs, fitted with palms, had to be lashed vertically to the 
fore end, as shown in Illustration No. 8. Tims the pontoon actu- 
ally stood on the bottom while a pile was being driven. 

Five of the pile piers on the Gondia. side of the river stood 
in water too shallow to float the pontoon, and these piles were 
driven from a> pile frame mounted on a form of gantry track, sup- 
ported on sleeper cribs, as shown in Illustration No. 9. By 
means of this arrangement the piles could be very accurately sited, 
and the frame moved rapidly from place to place 4 . As many as 
twenty piles were driven in one day. 

The Gondia bank of the river consists of sand, while the bed 
on the right bank, where the current is strongest, is of boulders. 
Oi the former side, piles were driven to 15 feet penetration with 
ease, while an average of 9' — 6" was all that could be obtained on 
the latter side. It is a remarkable fact that the piles having 15 
feet penetration were washed out on two successive occasions, 
although no scour took place in their vicinity. The piles having 
O'— f>" (and less) penetration are still standing, thus leading one 
to the conclusion that the ability of a pile to withstand displace- 
ment depends more on the nature of the bed than on the amount 
|of (penetration. 

In order to facilitate the election of the 40 and 20 foot gir- 
ders, a special rocker crane mounted on a bogie truck was de- 
signed and built for the purpose from scrap material at site. 
This is shown in Illustration No. 10. 

Each span was erected and sleepered and the rails laid, on 
the bank, and by means of the crane, the complete spans were 
lifted, carried out, and placed in position intact. Thus the 



fifteen girders were erected, sleepers laid, and the line linked in 
four days. They were afterwards similarly dismantled in two 
days. 

Meanwhile the salvage of the wrecked spans was progressing. 
Ir this work many unexpected difficulties were met with. 

No. 2 span, for instance, was very thickly matted with a 
great quantity of brushwood and tree trunks, and the removal of 
this debris by means of axes and hand saws was a very slow and 
tedious process. 

It is considered possible that, but for this boating debris, the 
whole bridge might have withstood the flood, as actually happened 
in the case of No. 1 span, which was topped by the flood to the 
same extent as the others, but on which, owing to its position, no 
debris accumulated. 

While cutting up the broken spans, several men received 
minor injuries by their neglecting to bolt up a member before cut- 
ting the last rivet, thus allowing the strained members to spring 
violently apart when suddenly released. 

Nos. 2, 3 and I spans were deeply buried in sand, and when 
an effort was made to remove this, water was met with at a depth 
of 2' — 0", and it was found impossible to keep the excavations 
dry. 

These spans were therefore jacked out of the sand by timber 
and rail clusters placed through the bracings, the sand being re 
moved as the spans rose. Four one hundred ton jacks were neces- 
sary on each span. 

The difficulty with this arrangement was to prevent the men 
(renting furl her damage by excessive straining on the jacks. 

A curious instance of this was encountered in the case of No. 0 
span. 

In this case, the span had simply been pushed off the piers, 
and had landed right side up, with one end resting on the bank, 
and the other in about 10 feet of water. The span lay at an angle 
of about 30 degrees, and was remarkably little damaged,' as may 
be seen from Illustration No. 5. 

The land end was first dismantled, leaving a portion weighing 
r>0 to 60 tons in the water. Boulder piers were built along each 
side of this, and an attempt made to jack it from the piers by 
means of a beam consisting of two 16" x 16" timbers. 

Two fifty ton jacks, however, failed to raise the span, and 
finally two 150 ton and four 100 ton jacks were tried. These broke 
the timbers, but failed to raise the span. 

: The water at this point was flowing at a speed of 8 miles per 
hour, and it was at considerable risk that a diver finally went 
down to investigate. 
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It was then found that a very large tree had, in some extra- 
ordinary manner, passed through the bracings of the girders, pre- 
cisely in the manner of the jacking beams. The ends of the tree 
had been unknowingly covered by the boulder piers on which were 
the jacks, as shown in Illustration No. 11. lienee we were, in 
effect, trying to lift ourselves like the man who placed a foot in 
each of two buckets, and tried to lift himself. The upstream 
boulder pier had therefore to be extended in order to protect the 
divers, two of whom then went down and cut the trce$pdth hand 
saws. 

The most dillicult span to salve was No. o. 

This span had fallen on its side athwail the current, which 
here also llowed at S miles per hour. Tin* span, which is shown 
in illustration No. 4, lay at a small angle, oik; half of the under- 
side girder being submerged. 

It was obvious that the first thing to do was to reduce the 
current Mowing against the span, and for t his purpose a groin of 
boulders was built out from the bank up stream of the span. The 
position of the groin is indicated in Illustration No. 1. 

It was soon found, however, that boulders dumped off the end 
of the groin were being carried away, and were probably being 
banked against the span. The only effect of the groin had been to 
concentrate the current as in a nozzle. 

The remedy appeared to completely divert the stream by con- 
verting the groin into a dam. 

No more boulders were available from that side on which the 
groin had been built, so the dam was eommeneed from the other 
side, boulders being taken from the channel into which it was in- 
tended to divert the stream. 

As tile new groin approached the old, it was found that the 
boulders were being carried away. Gunny bags were therefore fill- 
ed with boulders, and dumped, and when these also began to carry 
away, the tilled bags were tied together with wire. Eventually, 
w hen the gap had been reduced to about Jo feed, it was found that 
as many as seven bags tied together were carried away before they 
reached the bottom. 

lly this time the water stood 2 ' — 9" higher on the upstream 
than on the down stream side of the dam, and the water roared 
through the gap with a velocity which left little hope of it ever 
being closed. 

The following arrangements, however, were made : — 

First, three 30 foot rails were laid across the gap, in the 
maimer of a bridge. Two wires, whose lengths were approximate-:' 
ly equal to the length of the cross-sectional outline of the dam, 
were then made fast at each end of the rails. The centre rail was 
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tied at the centre of the wire, and the outer rails to the ends of 
the wire. 

The length of the down stream slope of the dam beinjif known, 
a number of wires of this length were then tied to the down stream 
and the centre rail, at a distance of one foot apart for the full 
length of the rails. 

This done, the upstream rail was pushed overboard, and al- 
lowed to roll down the slopes of the dam, when the down stream 
rail wasgpalso pushed into the water. The wires connecting the 
down stream and centre rails immediately tightened up, thus form- 
ing a grid of taut wires all across the gap, as shown in Illustra- 
tion No. 12. 

Dags of boulders were then rapidly thrown into the gap. 
These were held up by the wires on the down stream side, and 
eventually the gap was Urns closed. 

The span now lay in dead water, and its salvage was taken in 
hand. 

This was accomplished by placing a pair of the old bearings 
from the piers under the span at the centre, and pulling down the 
high end by means of winches until the submerged end rose clear 
of the water. The whole weight of the span was thus carried on 
the bearings, which acted as a- fulcrum, at which [joints the boom 
pieces were badly crumpled. This sacrifice was considered worth 
while, however, in view of the expensive piling and timbering, and 
loss of time which would have otherwise been necessary to lift the 
span out of the water. 

Each part of each span was marked as it was cul out. and each 
span was marked with a distinctive colour. 

This marking was very troublesome*, since the spans had ap- 
parently been built before the designing of details became a fine 
art. Tu each span there were over 200 small packing pieces of all 
shapes and thicknesses, none of which wore interchangeable, and 
all of which had to be marked. 

Incidentally, this bad detailing was the cause of considerable 
trouble in the re-erection of the spans. For instance, each panel 
point contained rivets which passed through the cross girder cleats, 
two diagonals, one packing, the boom plates and the post flanges. 
There were also countersunk rivets which passed through the post 
and boom plates only which had to be put in before the diagonals 
and packings, etc., could be erected. The objection to putting in 
rivets before a span is completely erected is well known. 

An attempt was made to use pneumatic rivet busters in the 
dismantling of the spans, but although these machines did ex- 
cellent service in cutting up individual pieces after they had been 
lowered to the ground, they were found to be much too heavy and 
unwieldy for use on the flimsy and unsteady scaffolding. 
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While the salvage work was in progress, the masonry work 
necessary to raise the piers 20 feet was being carried out. 

The old copings and the remains of the old bed stones were 
dismantled. The latter were sandstone blocks from a quarry in 
Jubbuipore, and it is perhaps worth mentioning that most of them 
were found to have weathered and deteriorated to a somewhat 
alarming extent. 

The masonry in the extensions of the piers consisted of black 
granite, quarried locally, laid in cement mortar of the proportions 
of one cement, to live sand. 

The cement used was of Indian manufacture, and proved most 
satisfactory throughout. Indian cement was also used in the 
reinforced copings and bed blocks, and so satisfactory were the 
results obtained in all cases, that the prejudice in which Indian 
cement is sometimes held, is difficult, to understand. 

As an instance of the good quality of the cement used, a tem- 
porary foundation for a staging was lmilt in the river bed. It was 
built of random rubble stone in cement mortar, one to five. 

Six months afterwards, it was necessary to dismantle this 
foundation, and it was then found that, so hard had the cement 
become, that the stones were broken much more frequently than 
the joints in the process of demolition. 

The workmen and materials were carried out to the piers from 
the bank by means of an aerial ropeway. 

Except for the steam winch by which it was operated the en- 
tire ropeway was manufactured from scrap material at the site. 
Tt extended from bank to bank, and was supported on each pier. 
Details of its construction arc shown in Illustration No. 13. 

It required considerable persuasion and much jocular conver- 
sation to induce (be first man to go out in the cradle, but so power- 
ful is the moral effect of familiarity, that eventually sentries had 
to lie posted at each end of the bridge in order to prevent more 
than four men climbing into the cradle at one time. 

Water for the masonry was carried by means of an inch and a 
half pipe slung on hooks suspended on a 2t inch wire stretched 
across the tops of the ropeway trestles. The air valves which 
were necessary in the pipe line at every trestle were manufactured 
from standard pipe fittings and small India rubber balls purchased 
locally. These are shown in Illustration No. 14. 

No. 1 span (the only one not washed off the piers) w r ns jacked 
up 3' — (F at a time as the masonry on the abutment and pier No. 1 
proceeded. Four 100-ton Hydraulic Jacks were used for this 
work. 

The original design of the falsework on w’hich the reconditioned 
spans were built consisted (in the 150 foot span) of one sixty foot 
and one eighty foot broad gauge plate girder span, supported at 
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the centre by a staging, and (in the 200 foot spans) one AA ft. span 
in the centre supported on two stagings, with an 80 foot span on 
either side. # 

The plate girders were braced with timber, and carried 
12 x 12 and 8 x 12 limbers, o5 l'eet long laid athwart on 1 op for 
the decking, camber jacks and gantries. Steel stagings 

strengthened with timber wore erected in spans 5 

and G, and two steel stagings were manufactured out ol* old cross 
girders, rail bearers and boom angles for supporting the plate 
girders in span No. 1. These stagings were TO feet high to the 
underside of the plate spans, and carried a maximum of 100 tons 
each. Illustration No. 1T> shows the complete stagings in No. I 
span, and the partially dismantled stagings in No. f> span. 

On the completion of Nos. 1, T> and G spans, the dismantling ol 
the falsework was effected by suspending the plate girders to the 
bottom booms of the main girders. The stagings were then dis 
mantled, and the plate girders afterwards lowered by means of 
tackle lashed to the main girders. 

The staging foundations in No. 1 span consisted of a steel grill 
carried on bullie piles, and in Nos. and G spans, tin* foundations 
were of concrete. 

The type of timber and plate girder falsework described abo\e 
was, however, found to be much too heavy, and took too much time 
to erect. 

For the remaining two spans, therefore, new falsework was 
designed. 

This consisted of light angle steel posts in 1G foot lengths, ex- 
tending all across the span. In each span there were 108 posts, 
each hnilt up of four .*> > A x i angles bolted together, and braced 
with A x A x ] angles. 

This staging consisted of three types of members only and was 
very easily and quickly erected. It is seen in Illustration No. 1G. 

The camber jacks used were obtained from the “Eastern T’engal 
Railway, from the surplus stock of the famous Lower (hinges (or 
ITardinge) H ridge at Sara. They were used in pairs, one pair cm 
each side of each joint. In order to prevent them creeping when 
they were operated, they were coupled together in pairs by means 
of a plate, and to prevent the plate fouling the rivets, a ring was 
lilted on the top of each jack, as shown in Illustration No. 11. 

The actual erection of the main girders differed little from the 
erection of any other similar girders. 

The new spans from England went together with the greatest 
ease, but in the case of the reconditioned spans the work was very 
seriously hampered by missing parts which had to be manufactured 
at site. 
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Still greater delays were occasioned, however, by the fact that 
many members, particularly tension members, had lengthened con- 
siderably in t lie process of being (straightened. 

This defect was corrected by rutting out a strip' equal in width 
to the excess length of the member, and rejointing with suitable 
butt plates. 

All riveting, reaiuering and drilling was done by pneumatic 
machinery, fed by two oil driven air compressors, one at each end 
of a 2J inch pipe which extended the full length of the bridge. 

With specially trained supervision, and moderately new 
maehines, the oil driven air compressor might doubtless give satis- 
faction. But. on work of this nature tin* ideal conditions neces- 
sary are seldom, if ever, obtained, and steam plant, which will 
plod along under almost any conditions and the worst usage, is 
undoubtedly preferable. 

It is a tribute to the lirni who manufactured I he old spans that 
the corresponding parts of all girders were 4 interchangeable. This 
was particularly fortunate in the ease of Nos. 2 and 2 spans. 

Dm* to a strike in the Engineering Works ill Talent la, when* 
the old spans were being reconditioned, material ceased to arrive. 

Parts of Nos. 2 and 2 spans which were on hand were therefore 
amalgamated, and worked in to form a complete span for No. 2. 

The remaining material was augmented with parts taken from 
the two abandoned spans and No. 2 span was thus completed. The 
parts taken from tin* abandoned spans were repaired and straight- 
ened at site. 

The meting np of the Iasi span was completed at 0 o’clock 
on the morning of the 7th of July, the men working right through 
from <; o'clock the previous morning without a break- — a perform- 
ance which surely places Indian labour in a class wdiicli compares 
well with that of any other country. Their efforts undoubtedly 
saved the B. N. Railway Company, a considerable sum of money, 
for tin* river began to rise very shortly afterwards, and the lasf 
lew pieces of staging w ere removed w ith I la* men working knee- 
deep in a rising flood. 

The Hoods having started, the bridge could not be tested by 
the ordinary means. 

Wooden hangers supported on tight wires running tin* full 
length of the bridge and supported on each pier (dear of the girders 
were therefore devised. These worked very satisfactorily. They 
are shown in Illustration No. 17. 

The maximum deflection registered under the speed test, con- 
sisting of two engines coupled head to head running at 20 miles 
per hour, was ’85 inches, with '2o inches oscillation. 

Illustration No. 18 shows the completed bridge, the work 
having been carried out in 19 months from the date of starting the 
dismantling of the wrecked sparif& ; 
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Illustration No. 5 
No. 6 Span (150 feet). 








^MiiooU jo u i, 

lS4V<i 




4o 







STABLER ON NERBUDDA BRIDGE. 


Porfc>M llU05Ti^tu?Ai'/^8 



L A Sneo To ^fo^Tocy4 


V:?;ue 

fc Adjusted To £utT 
t>ef»TH opWaTcr 





STABLER ON NERBUDDA BRIDC 





STABLER ON NERBUDDA BRIDGE 







Ja^-Kia^ A/? <6 ‘Spa.aJ 





Aerial Ropeway 


*1 


z 

o 

w* 

<1 


( 


STABLER ON NERBUDDA BRj^GEj 



AR ^fthGgMENT »f Carriage & Pier Trest les 



STABLER ON NERBUDDA BRIDGE. 







DISCUSSION ON 
NERBUDDA BRIDGE. 


Du. A. Jaudini; said he would ask Mr. St abler to illustrate by 
means of sketches on Mir black board a little more fully the 
method of application and details of testing the girders by means 
of the wire rope apparatus shown on illustration No. 17. Little 
mention was made* in the context regarding the test and several 
points were not clear from this illustration. 

With regard to the two top paragraphs on page 127 he would 
like Mr. Stabler to give some further information regarding the 
amount of lengthening which had taken place in the tension mem 
hers referred to together with the actual lengths of the members 
concerned. 

Further w ith regard to the correction of this extension he 
wanted Mr. Stabler to illustrate a little more fully the method of 
cutting out a strip and rejointing tin* member with butt plates. 

Mu. II. II. Bmmm.hs remarked that In* had listened with great 
interest to the paper by Mr. <\ 1. Stabler and lie was to be con- 
gratulated on the successful methods employed for salving the 
damaged spans. He would like to ask the author, however, if he 
could give some idea ol tin 1 actual saving in cost effected by the 
salving of the damaged spans. \t seemed to him that, in view- of 
the difficulties that were met with in salving and re conditioning 
spans Nos. 2, 7> and <», the cost entailed would be, if not more, 
about the same as the delivery of new spans to site. He assumed 
that the cost of erection of the salved spans, after they wore 
reconditioned, was not grealer than the cost of erecting the two 
ncw r spans sent out from England. He asked for information on 
this point as lie had often found it cheaper to abandon damaged 
material rather than to salve, re condition and utilise it and, in 
the ease of the bridge in question, it would be interesting to learn 
if there had been any saving in cost. and, if so, how much. 

Mk. E. E. JjESimrsLAis said that the paper was full of very 
interesting details of the reconstruction of the bridge, but, if 
only some details had been given of the spill lengths on either side 
of the Bridge (luring the high flood and how the approaches w ere 
affected, the paper would have bem invaluable to all engineers. 


Dr. a. 
Jardine. 
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Mr. E. E. 
DeBbruslau 



TWO IXSTITl TION OF KMJIXUUKS (lMUAj. 


1 10 

Mr K p; The first considcrat ion in re-construction was I la 1 

Dosbrusian ilS ccrta iniug of the came of I lu* abnormal rise ol* t hi* river # and how 
inucii tin 1 waterway allowed contributed towards this. 

As I he river rose to 12N2 on the l!Mh September, 102(>, against 
the previous highest records of 1 2(»2, a difference on height of 
20 0". The water passed o\er the top Rooms liy 1' (>", and 

carried away girders weighing over 250 tons ha-lf a mile down 
stream. It was clear that the embankment approaches must have 
been over topped also by nearly 20 as tin* main girders were 
17' 0" in depth. Xo earthen embankment could stand this and if 
t he maximum gradient - if an\ allowed at tlu* Fridge site-- was 
1 in 200, the! spill water must have passed over the approach 
embankments for the length of at least 200x20 1,000 feet or about 

1 5 of a mile on each side and the whole of this embankment would 
have been washed a-way on both ndes, lines and earth together 
with the sleepers attached. If the country on both sides, however, 
was cpiite level and needed no embankments and tin* I {ridge was 
raised 20’, at most 20' high embankments would be required on 
both sides. F\en if the embankment of the river was rocky and 
high above R. L. 12S2 the old bridge must have connected two 
gorges in tlu* rocky sides and tbc tlood waters must bavo run up 
all along, on both sides, and flooded these gorges. 

Now in the three possible conjectures- no details were given 
tin* raising of the Rridge 20 would entail cither 20 high embank 
incuts in tin* first two cases and the filling in of tlu* gorges 20 at 
most. 

The waterway in all these rases would after re construction, 
be much less Ilian actually required, owing to tin* restricted Jlow of 
(lie spills on either side in the firs! two cases and in the last case 
the flow’ round the ends of the bridge, and the free (low over tlu* 
piers after the girder were* earned away. 

The last case*, moreover, would require* a- rocky ridge at right 
angles to the river at the Rridge site for nearly a mile in length on 
both sides, or that the river llowed itself in a gorge with side* hanks 
over 12S2. K.L. Fven in ibis extreme case- -it might be* possible 
as tlu* Ncrbudda llowed between two long ranges of mountains — 
the additional waterway gained would not be enough as the body 
of t lie piers would when raised obstruct tlu* free flow, which 
actually occurred when the girders were washed away. 

The duration of this highest flood level would also he very 
important when dealing with such an abnormal flood. 

It would appear that, the approach^ would require culverts 
to pass the spill on both sides in the first two cases and the last 
case supposed cither high table land on both banks of the river, 
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which if existing should Inivo been the roadway level of Hie bridge Mr. E. 10 . 
in the first instance; and it not existing would imply a high ridge ^^TiihUia. 
at right angles to the liver and would require vents as well as in 
the lirst two cases to pass the spill waters. 

It would be seen Irom his notes that the wash way or the water 
way was the lirst-of all consideration in re-construction and it was 
a great pity that nothing was said about tins. 

No doubt the completion of the iron way in 11 months from its 
demolition by the Hood was a very good record indeed. 

It would also have been interesting to know for a single two 
feet six inch gauge I fridge Avit li girders 17 0" high, whether the 

spacing apart of the main girders had hern arrived at and with 
what overturning force. 

The following formula showing approximately the velocity of 
the river showed the importance of the main girder spacing 

W A £ • l 2 7 = 250 x 2240 x ^ % 

when A -Ami. <>l' bridge lace material sq. led T; 

\V - \vt of a Hi. of ualer in lbs. 

V Velocity of liver in ft. per see. 

t S Acceleration line to gra\ ily 

X Space ,ip;irl of .Main tlirdcr, * 

From which v* 250 > 22 10 * x 

If A Kh. ol 200 x 17 210 s fl. 

X - |-J \ m.i\ 22 fl. per sccoml. 

If A •Jo',’, of 200 / IT I lien v^ about II fl. per second. 

It. would lie seen that the \elocity rei|iiired to overturn the 
girders of 250 tons <h‘pended on the spacing apart ol the girders. 

On page 1J1 the author said that lie had come to the conclusion 
that, "the ability of a pile to withstand displacement depended 
more on the nature of the lied than on the amount of penetration.” 

The wo i-d displacement, here was evidently meant, removal 
through material being washed away all round. 

The word displacement which depended oil penetration was 
really the bearing power of a pile; hence the contusion. 

Pro/iorUon oj < 'email anil Kami. 

A one cement and 5 sand after (i months to be as hard as 
stone actually, was indeed wonderful as in buildings and in rein- 
forced iwork 1: It is the largest amount allowable; and again the 
work was probably done where a slight current existed see page 125. 
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Also in a- lime mortar 1 lime 2 sand the lime was 1/3 the 
quantity of mortar and it cement 1 : 5 was used the cemoyt would 
be 1/6 the quantity of mortar. 

Tf tlie Cement were to cost twice the cost of lime, then, it would 
come to the same thing if cement mortar or lime mortar were 
used. 

Mu. D. Jl. Khmfky said that the author was to be congra- 
tulated upon producing a very interesting paper. It was the sort 
of paper the Institution needed — namely one in which some in- 
teresting piece of work had been carried out presenting many 
problems and dilliculties and wherein the paper detailed just what 
these were and how they were solved, what expedients laid to hi* 
used and not only what was found to be the successful solid ‘on but 
also what was iinsiiivessrul. Engineers learned more really from 
failures or when* there had been failures than from successes. 

The Engineering Department ol‘ the Kailway were also to lie 
congratulated on the way they tackled a very difficult problem. 
There were no problems in engineering more difficult than those 
which involved decisions regarding the abvisability or non-advis- 
ability of using a damaged structure. It needed a high degree of 
skill to diagnose the extent of the 1 damage and the possibility of 
sal vagi*. The Railway was to be congratulated on tin* way its 
officers had tackled the job. It had not only needed a. high degree 
o'f skill, but also the exercise of a great deal of judgment and of 
eon rage* in deciding exactly what to do. 

Questions regarding damaged and distorted steel -work were 
always very difficult to decide. He remembered on one occasion 
having to repair a< o() ft. plate girder which had been dropjM*d 
whilst it was being lifted. It was very badly bent and also twist- 
ed. Without cutting it to pieces it was difficult to get it 
straight again, and even if taken apart it would have been iinpos 
slide to straighten the deformed web plate. It was a problem to 
know what to do with it. Finally he straightened it as far as pos- 
sible and patched the damaged flange and put it back into the iine. 
Some one might years hereafter be horrified to find a. girder with 
a reverse camber in it. 

It. was really extraordinary what steel work would stand. 
This was not the tirst time a girder had had an accident at tliaf 
bridge. When the bridge was being built in 190o one of the 
girders dropped off the top of a pier. It, however, became a total 
loss as the girder was twisted and bent in such an extraordinary 
manner that nothing could be done with it. The steel was very 
good, as unfilled rivet holes in some plates luul stretched 
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!o throe times their (ii;mieter on the one side and closed up com- Mr. d. h. 
pletely on the other side without u plate tearing. Presumably Remfry - 
the steel in these girders was of equally good quality. 

One feature which was interesting to note was that a girder 
washed off a high pier in a heavy Hood did not receive the damage 
one might expect from the fall. Another feature was the extra 
ordinary power of a river in full flood which could move a span 
weighing 250 tons half a- mile down stream. As a corroboration 
of those last two points lu; remembered a ease* in which three 00' 
spans were washed off high piers and one span recovered seven 
miles down stream and was salved. 

The Author was to be congratulated ou his so called pontoon 
bridge and the ingenious way he used oil drums. 

The experience with sand tilling in gunny hags was interesting. 

For some reason gunny bags would not stand handling after having 
been tilled with earth or sand for a short time. They would stand 
all right for many months if unmoved and would act as\ pitch 
ing to guide bunds, and when used as such pitching would enable 
21 wand embankment to woather quite considerable tloods and 
freshets down the river, but after having been tilled for three weeks 
the gunny bags seemed to go to pieces if ha tidied. From the 
Author’s experience they would not stand being walked on if tilled 
with sand, whilst straw tilling enabled them to last much longer. 

A most, important precaution to take in all engineering work 
was to have ample plant or ample power. Often excess plant or 
excess power above Hint strictly calculated to get through the job 
within a specitied time meant economy. It was a very common 
mistake and very false economy to skimp the plant. In the parri 
cular job under cunsideialion very wise decisions were made. This 
was particularly e\ident in the matter of the rocker crane mount- 
ed on a bogie truck for erecting and dismantling tin* 40' spans on 
the diversion. Some people might say was it economical to built 
this to erect 000 running feet of girdorwork in four (lays and to 
dismantle it in two days. There was more to it than that. The 
very fact that one portion of the work was done with conspicuous 
success and despatch tended to tone lip the whole job and to create 
a moral atmosphere which was a very valuable asset. 

In all jobs having anything to do with bridge-work very great 
care had to he taken in watching the labour to guard it against 
unnecessary risk. In this particular job the risks were present 
and it seemed that it was fortunate that only minor injuries were 
received iu cutting up the spans. 

There was always a very dangerous risk in reamering operations 
in the open. When he was on the strengthening oif the Damodar 
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Bridge and started work rutting out the main gusset plates of the 
spaa is and replacing them with larger gussets whilst still passing 
traffic il was necessarv to ream out the holes using pneumatic 
reamers. Within a few days he had seven men down with steed 
splinters in their eyes. All men on reamers had to he provided 
with goggles and at large magnet was kept on the bridge to extract 
*dcel splinteis out of aim one’s eye. iteamcring holes in windy 
weather was particularly dangerous. Cutting out rivets was also 
very dangerous if rare was not taken to prevent tin rivet heads Hy- 
ing. Many men have been killed by Hying rivet heads. 

In Engineering work a great deal of ingenuity was called 
for to devise expedients to overcome difficulties. That bridge was 
no except ion, and the difficulties encountered in the final (dosing of 
the stream in one branch of the river was a case in point. The 
manner in which this problem was finally solved was one to re- 
member. One maimer in which lie had (dosed a similar gap had 
been to make a frame on each side of tin 4 gap and build up a pile 
of sand bags to a height and of a size which when simultaneously 
lipped over would meet and arch at the centre, tin 4 frames being 
connected together with tackle to tip at the same lime, lie was 
surprised that the method used for testing the deflection of tin 4 
bridge proved so successful. lie would have expected the vibr.i 
tion on the high piers (o ha\e shown itself in a marked degree m 
the tests. Personally he had noticed in tests on a bridge consist- 
ing of many spans on high piers that tin 4 land spans when tested 
by a train crossing the bridge from the near hank gave much 
better results than spans in the centre or towards the further end 
of the bridge. This Ik 4 put down to vibration in the piers and 10 
vibrations of one span placing the span ahead in a state in which 
it was particularly likely to pick up the vibration in some way. 
Apparently no such result was observed in this east 1 . This was 
a narrow gauge bridge and I lie test, was carried out at a 
speed of ;t0 mph., which was far higher than the critical speed for 
these spans, and probably vibrations would have been much more 
marked at IS or 20 mpli. 

The Author was to lie congratulated on a very good piece of 
work. 


])1U<'!iM'TIO\ AM) (MV ILLATION TEST. 

Tub Author in reply said, the usual method adopted for lest* 
ing the deflection and oscillation of a girder was to attach a 
pencil to the girder at the point at which the movements were re- 
quired to be known, and to attach the test card to a pole or derrick 
erected in a suitable position in the river bed beneath the girder. 
The card was arranged in such a manner that it was in contact 
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wifli t lie pencil point no 1 hat any momnenl c»f the girder was re- The Author, 
corded on 1 lie card. 

That simple, but neverllielesN quite accurate melljnd could not 
he employed it tin* river happened to he in Hood which was the 
difficulty he was up against at Xerhudda. 

There were of course, oilier and more up-to-date methods of 
bridge testing, notably by means of the MieFaddcn’s Defied oscil- 
lograph. 

That instrument, however, was not applicable to the Xerhudda 
liridge for the following reasons: — 

The Senior (bnernmcnl Inspector had expressed his desire to 
have all the spans except one, tested for deileetion and 
oscillation at the top and bottom quarter and mid points in 
each girder of each span. 

The necessity for such an unusually thorough and searching 
tost was obvious when it was remembered that the reconstructed 
bridge consisted of 

(a) One span which, though it had not boon washed off 
the piers, had nevertheless been covered by the tlood 
and might conceivably have suffered wrecking strains, 
the results of which were not apparent to the eye. 

(I)) Three spans, the material of which had linen hen! and 
distorted by stresses of an unknown extent, and 
which bad subsequently been straightened out and 
rebuilt. The wcissinides through which the material 
had passed rendered it unwise to assume the safety of 
any of these spans by inference from the results of 
tests made on only one of them. 

(r) Two new' spans, one at least, of which, would have to 
be tested m any case. 

Thus t» of the 7 spans were to be tested in 12 places each, or 
in 72 places throughout the bridge. Since only (i Deflect oscillo- 
graphs were available for the work, it Jol lowed that it they were 
to be used, the testing was going to occupy several days. This 
time could not be spared either by the Senior (lovernmeut Inspec- 
tor, or by the Kail wav ; and, so it became necessary to evolve some 
means by which the whole bridge could be tested simultaneously. 

The arrangements, shewn in illustration X o 17, were the result. 

The devices, of which I here were 1 types, were all the same in 
principle and the following detailed description of the type for 
testing the bottom boom deflection would suffice to indicate the 
design of the other three types, viz . , top boom oscillation, bottom 
boom oscillation and top boom deflection. 
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The Author. 


Referring to the appended sketch 

A was the bottom boom of the girder ; 

15 was a board clamped to the boom ; 

C was a bridge testing card (ticc illustration No. 17 in Text) ; 

D was a small toothed wheel which rolled on the card and 
marked the movement of the girder. 

K was a short length of one quarter inch iron rod. At one 
end of the rod was the wlund D. The other end of the 
rod was attached to the wooden arm F. The connec- 
tion of the rod to the wooden arm F was such that the 
rod could be pivot ted vertically. This was simply 
to facilitate the placing of the wheel on the correct 
place on the card. 

The arm F was connected to a vertical leg (1. The arm F 
could be pivotted vertically and it could also be moved backwards 
and forwards by means of the slot H. 

J was a hook formed by two 1/8* inch plates with a piece of 
wood between them. The hook J was screwed to the vertical 
leg G. 

K was a 'll" wire stretched as tight as possible and anchored 
on the banks on each side of the river. The wire was supported on 
trestles on the piers and was not allowed to touch the girder at 
any point. 

L was an arm with a small counter weight M at one end. L 
was pivotted at the point N, and by moving L through a vertical 
arc, the pressure of the wheel I) on the card might be regulated. 

As would be seen, the accuracy of the arrangement depended on 
the steadiness of the wire rope. This of course, was its great 
weakness, for very little disturbance was necessary to make u wire 
rope vibrate, no matter how tight it was pulled. Also, as Mr. 
Reinfry had pointed out, vibration carried through the piers on 
which the wire was supported might he a source of interference. 

Nevertheless, one span was tested by the devices described 
above and by Deflectoscillograph simultaneously, and the results 
registered by the home made devices varied from the results 
obtained by Deflectoscillograph by a. maximum of .08 inches, which 
led to the remark in the text of the paper that they had worked 
satisfactorily. 


DAMAGED MEMBERS. 

Dr. Jardine had asked for details of the actual lengths of 
monitors. 
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The Author. The theoretical length of the diagonal tension members was 
22 ' — between points of intersection. • 

AVhen *he straightened members were cheeked on their rerurn 
from Calcutta, it was found that nearly all of Ihein had lengthened. 
The amount of “stretch*' varied and was as much as 11/1 G //f in 
some cases. 

As the girders wore of the double inter section type, each 
tension member had a- ri vetted connection to the intermediate posts 
in the middle of each length. This could be seen in illustration 
No. 5 in the text. 

It was obvious that any shortening which was necessary had to 
be done on both sides of the intermediate post, otherwise the holes 
in the middle of the diagonal for the intermediate post connection 
would not have registered. 

The method of shortening was as follows : — 

(1) A pair of diagonals was bolted up in position. A pair, 

in this case, meant the two identical diagonals on 
either side of any three posts. Being too long, they 
were, of course, “sprung’ 7 or “bowed’ 7 between the 
points of connection. 

(2) The diagonals were cut with a hack saw on either side 

of the intermediate post. Each diagonal was then in 
three separate pieces, each of approximately the sanu* 
length. 

dp Timber packers previously prepared were then inserted 
between the diagonals. These packers were li to 8 ft. 
long and were 12 inches wide. Their thickness cor- 
responded exactly to the correct width between the 
inside surfaces of the diagonals. 

(4) Both diagonals were then clamped to the packer by 

special clamps. 

(5) The diagonals then overlapped at the point where they 

had been cut with a hack saw. The amount of the 
overlap was the amount of I he excess length. 

(0) The amount of overlap was then marked and a strip was 
cut out of the diagonal equal in width to the amount 
of the overlap. 

(7) The ends of the diagonal on each side of the points 
where the strip had been cut out were then drilled 
and rejointed with butt plates. 

This was the system dually adopted and was only arrived at 
after several other methods had been tried and found unsatisfac- 
tory. 
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In reply to Mr. Reynolds lie would say that reconditioning was The Author, 
not only cheaper hut would have been considerably quicker had it 
not been for tin* unavoidable delay caused by the strike in the 
works of the Engineering Finns in Calcutta who bad the contract 
for reconditioning these spans. 

CAPACITY OF THE WATERWAY TflROCGU BRIDGE. 

The data on which the walenvnv was provided was given 
below: — 

Catchment area abo\e bridge ... (>000 sq. miles 

Slope of bed . , I..T per mile 

Mean cross-section area U09.89 sq. ft. 

Discharge of the river by 
Mississippi Formula 10921 IS 0. F. S. 

31 can velocity calculated IT.!) ft. per second 

The waterway originally presided was as follows: — 

Available cross-section of bridge below'. . 72000 sq. ft. 

girders. 

Mean level of bed 1105 ft. 

Level of bottom of girders ... 1202 ,, 

Calculated high Hood level J 254 v 

It would, therefore be seen that the waterway originally pro- 
vided was ample 1 according to the usual methods of calculation. 

The Hood was due to one of rlmse eases of excessive rain-tall 
which could not ordinarily he economically provided for. 

Adequate provision for such down-pours was manifestly 
impossible. 

The excessive height reached h\ the flood at the bridge site was 
believed to be due, in part, to the discharging capacity of the 
river below the bridge being inferior to that at and above the 
bridge, which caused heading up and reduction of velocity at the 
bridge. If this was the case, no calculi ted velocities due to the 
slope and cross-section would hold good. 

Regarding the approaches, neither bank sutfoied much. The 
old line approached the bridge at a grade of 1 in 100 down on both 
sides. 

Hence the approaches must have been under water for a 
length of 2000 ft. during the Hood, but as the line at tluit time ran 
mostly in deep rock cuttings for a- considerable distance back from 
the bridge on either side, little damage was done beyond the wash- 
ing out of the short approach banks behind the abutments. 
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Tho Autiior. The new' ban ks were 20 IT . high ill the iibu I Jiient s and were 
carried out level until t ho v met tin* old grading. No veuts (other 
limn an occasional boulder drain, where 1 necessary) had been pio- 
vided in cither bank, because, as already slated, provision for such 
an abnormal flood was not an economical proposition where the 
pnssihb* damage could only amount to the wash-out of a short 
length of curt lieu bank. 

The formula for the overturning moment of a girder quoted by 
Mr. bcsbruslais was interesting. It was, however, difficult to 
apply in the present ease, since (In* i toms A and V were unknown. 

The area A presented to the Hood could not he ascerlained for 
the reasons given in para. I page 122 of the !e\U while the velocity 
of t In* current V could not he computed due to (lit* bending up 
which was believed lo have taken plan*. From his formula, Mr. 
Ifeshruslais deduced that : - 

If A equalled 10 per cent of tin* area enclosed by I he out- 
line of the girder (a very reasonable ligure) 

and \ equalled 1- It. then the velocity required lo overturn 
the span would he 22 ft. per second, or nearly 22 
miles per hour,- -a very high ligure indeed. 

Actually, however, the spacing of the girders X was 11 It. 
which would require a still higher velocity to cause overturning. 

This ho thought, proved the theory stated in I Ik* (<*\t to (lie 
olfeel that tin* wash-awav was due to the girders becoming matted 
with debris, and thus each span presented a wall 21- ft. long by 
17 ft. high to 11 k* stream. Again so much brush-wood was found on 
each span (and they must have lost a lot in their descent to the 
river bed) Ilia! the llolalion of (In* debris must have been consider- 
able. and i! was conceivable that that factor also assisted the 
girders oil' 1 he piers. 


n/topoiinos nr cimnw i\n sam>. 

He could not agree with Mr. Deshruslais in that there was 
anything wonderful in a mixture of 1 cement to A sand proving 
harder Ilian stone. 11 all depended oil the kind of stone. 

The stones, used in the ease under discussion, wore boulders 
from the river bed. They were a mixture of black trap, quartz, 
sandstone and others, of which Ik* did not know the names. He. 
amis not a geologist, but the great variety of the stone in the bould- 
ers forming the river bed always appeared to him to he astonishing. 

The hardest of all appeared to be the black trap, but even that 
occasionally split and left chips adhering to the cement during the 
demolition of the foundation. 



1>1S<TSSK)X ON NEltBUlMU 1JK1IWE. 


157 


Tlie question of t lit* comparative cost of limo and cement raised The Author 
by Mr. Desbrulais was also ver\ interesting, and was, he thought 
worth a Jot of consideration. 

Now that cement ol excellent quality was manufactured in 
India, there must be frequent cases where a weak cement mixture 
would cost no more Ilian a rich lime mixture, and would, of course 
be much more satisfactory. 

About 1 or 5 years ago, the I’engnl-Nagpur Kailway huilt some 
experimental quarters at Sini. The walls were, if lie remembered 
rightly, only 5 inches Jim k. They were of concrete of the propor- 
tions of 1 Indian cement to (> sand to 1 '1 ballast, and had no rein 
forcemeat in them whatever. Those qmiiters were still standing, 
and so far as lie was aware, had cost \ery little in maintenance. 

I >ui the idea that cement work was expensive died hard. «>nc 
read that even tin 1 Southern Kaihvav in England, where one would 
expect to Iind advanced methods in operation, were still building 
their overbridge pirns of brick in lime. 
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INDIA’S NEWSPAPER 


PRINTING 

DEPARTMENT 

is specially adapted for the production of high-class 
work at moderate charges. 

Books Book Binding 

Pamphlets Ruling 

Office Stationery Gold Blocking 

and all classes of Relief Stamping 

General Printing etc., etc. 

Address all enquiries to: 

MANAGER, THE “STATESMAN,” PRINTING DEPARTMENT, 

6. CHOWRINGHEE, CALCUTTA. 
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J 

[ESSO! 


[td 

£_ ENGINEERS- 

■ 


( Incorporated in the United Kingdom.) 


P. O. Box No. 108. 

Telegrams: “RELAPSE,” Calcutta. 

Head Office: 

93, Clive Street, CALCUTTA. 

STRUCTURAL MECHANICAL 
ELECTRICAL ENGINEERS, 
HARDWARE AND METAL 
MERCHANTS, ENGINE AND 
MACHINERY AGENTS AND 
: : : : ENGINEERS : : : : 


* OfflCCS: 

RANGOON. LAHORE. 

Telegrams: ,, GRESSOP” Telegrams: “RELAPSE" 

BOMBAY. DELHI. 

Telegrams: “RELAPSE” Telegrams: “PHCENIX” 

KARACHI. LUCKNOW. 

Telegrams : RELAPSE ’’ Telegrams : “ PHOENIX ” 

MADRAS. JAMSHEDPUR. 

Telegrams : “ PHCENIX ” Telegrams : “ PHOENIX ” 

LONDON. 
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RUSTON EXCA VATORS 

STEAM, ELECTRIC AND 
OIL ENGINE DRIVEN 
NAVVIES AND DRAGLINE 
EXCAVATORS. 

UPWARDS OF FIFTY 
Ruston Navvy Kxcavators and Dragline 
Excavators of all sizes and types are 
now employed in India on Railway Ex- 
tensions, in the Coalfields (removal of 
overburden), quarrying iron ore, canal 
construction, etc., etc. 

Ruston Excavators, sizes varying from 
25 to 300 Tons (net weights), are working 
in India at the present time. 

Full particulars from — 

MARTIN & Co. 

Mechanical Engineering Department, 

6 & 7, Clive Street, 

CALCUTTA. 
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MARSHALL 

SUPERHEATED STEAM SEMI-PORTABLE ENCIHES 

“LOCOMOBILES” 


POINTS IN FAVOUR 
OF MARSHALL 
‘ ‘LOCOMOBILES'* 

Compared with other types 
of 8team Engines of equi- 
valent power, “ Loco- 
mobiles" are LOWER IN 
FIRST COST, and less ex- 
pensive to export, 000UPY 
SMALLER FLOOR 8PA0E, 
and are VERY MUON MORE 
ECONOMICAL IN FUEL 
consumption AND MAIN- 
TENAN0E 008TS 


CONSULT U8 REQAROINQ YOUR POWER REQUIREMENTS. IF YOUR FUEL CONSUMPTION EXOEEOS 
THE FIGURES HERE GIVEN, IT WILL PAY YOU TO C0N8IDER THE MAR8HALL ' LOOOMOBILES 1 

ORDINARY WORKS TESTS RESULTS 
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PMtersMatti? 

(Incorporated in England.) 

ELECTRICAL, HYDRAULIC, TEXTILE & FIRE PROTECTION ENGINEERS, 

LOMDOM HMD MANCHESTER. 

CALCUTTA: 7, Hare Street, P. O. Box 389. 

BOMBAY : Bombay House, Bruce Road, Fort, P. O. Box 327. 
CAWNPORE: “ Inverneal" Nawabgange. 


ELECTRICAL PLANTS 

and 

CENTRIFUGAL PUMPS 


FOR ALL PURPOSES. 



QUALITY PRODUCTS. 

Our service and extensive experience 
are at your disposal. 
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KEYSTONE GREASE. 

Made in several densities, to suit the various mechanical 
conditions. One quality — the best. 

THE WORLD’S GREATEST LUBRICANT 

Sole Agents for India. 

THE NEW PATENT GBOOVED 

ROKO BELTING 

Eliminates Air Traps, and— thus grips better. 
Maximum Strength — Minimum Stretch. 

Agents for Bombay and Madras Presidency. 

CARBORUNDUM SPECIALITIES. 

Large stocks carried of Files, Sharpening Stones, Sticks, 
Razor Hones, Carborundum and Aloxite Waterproof 
Paper, Cloth, Aloxite K. 5 Paper of Sanding, Economy 
Rolls, Valve Grinding Paste, Powder. 

SYMINGTON COX & Co., Ltd. 

58, Forbes Street, 2, Waterloo Street, 

BOMBAY. CALCUTTA. 
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THE INDIAN HUME PIPE Co. 

Limited. 

Phoenix Building, Ballard Estate, 

FORT, BOMBAY. 

The Pioneer House for Supplying 

HUME REIHFORCEO CONCRETE PIPES 

for 

Sewers, Drains, Gravitation and Rising Mains. 

Enquiries solicited. 



m 


Faotories : 


Jamjheclpur (B.-N. By 

KevviiP (M. S. M.Ry ) 

Ahmedabad (B. B. Sc C. I. Ry.) 
Sholaptir (G. 1. P* Ry ) 
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WORTHINGTON 



TYPE “L” CENTRIFUGAL 

SPLIT CASING. 


PUMP 



Send your enquiries to 

WORTHINGTON -SIMPSON L 


10, CLIVE ST., 

CALCUTTA. 


( Incorporated in England.) 


ASIAN BLDGS 
N1C0L R0A1 


BOMBAY 


AGENCIES: 


J. BLAKEBOROUGH b Son 
Glj0» KENT. Ltd. 

, JEWELL EXPORT FILTER Co. . . 
CLARKE fc? VIGILANT SPRINKLER Co. 
AVEL1NG fiP PORTER, Ltd. 

J, PAMPNRY fit Co., Ltd 


Valves, Hydrants, Sluice Gates, etc 
Venturi Meters, Water, Steam L' A 
Meters. 

Gravity and Pressure Filters* 
Automatic Sprinkler Sf Fire Alarm- 
Steam & Oil Road Roller*, Scarify 


A 


etc. „ 

PE X I OR” Boiler Como u* 
ASPHALTENE. f*. 
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“THE INDIAN AND EASTERN ENGINEER” 


SPECIAL CONCESSION 

! 

JUNIOR ENGINEERS. 

• 

• Students of Engineering, Engineers in Government 
S Service, and the personnel of Firms and Contractors 

• engaged in Engineering and Allied Trades, whose 

■ monthly income including allowances is Rs. 500 or less, 

i are offered 

: 

1 “The Indian & Eastern Engineer” 

: 

• 

\ with its Supplement. 

a 

j “Indian & Eastern Railways” 

■ 

■ 

■ 

S at a Special Concession Rate of 

: Rs. 7-8 per annum, (post free) Payable in advance. 

■ 

■ 

• Applications, which should be addressed to The 
| Indian and Eastern Engineer Co., Ltd., Post Box 2348, 

■ Calcutta, must be accompanied by a certificate that 
5 applicant’s income is less than Rs. 500 per month, signed 
j by a superior officer in the case of Government servants, 

• or by a responsible member of the firm if the applicant 
I is a private individual. Students’ applications should be 

| certified by the Principal of the College or Institute. 

■ 




Students and Junior Engineers should take advantage of this 
offer to-day to obtain authentic and up-to-date reports on 
Civil, Mechanical, Constructional and Electrical Engineering, 
Textile, Motor Transport, Marine and Aviation matters, ..... 

“THE INDIAN AND EASTERN ENGINEER” is well printed 
on high class paper, and is profusely illustrated with photo- ; 
graphs and technical drawings : : 
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TH| E 

‘PATERSON’ 

SYSTEM 

OF 

WATER PURIFICATION 


WATER FILTRATION, CHLORINATION 
AND SOFTENING 


CONTRACTS CARRIED OUT IN- 
GREAT BRITAIN EGYPT 

AUSTRALIA CHINA 

CANADA JAPAN 

SOUTH AFRICA SOUTH AMERICA 

FRANCE RUSSIA 

INDIA STRAITS SETTLEMENTS 
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ASK FOR 
LEAFLET 
No. 973 
DESCRIBING 


V.I.R. Wires 


ASK FOR 
LEAFLET 
No. 973 
DESCRIBING 


THE GREATEST ADVANCE IN THE ELECTRIC WIRE 
INDUSTRY THAT HAS EVER BEEN MADE ” 


The Best Wire in the 
Best Package — — ■ ^ 

The Reel with the pro- 
tective strip removed, 
but with the label still 
sealed 


The Reel as you re- 
ceive it, the wire be- 
ing covered with a 
protective stripaBMMm^ 

LARGEST STOCKS 



INDIA 


All sizes up to and including 0045sq.' (7/ 029) Packed on Reels. 

We pay particular attention to pa eking for the convenience of our 
customers. „ ^ „„ . _ 

All Silk and Cotton covered Wires, enamelled Copper Wires and Fuse 
Wires if supplied in I lb. reels are now packed in cartons and the cartons 
in containers. 

W. T. HENLEY’S TELEGRAPH WORKS Co., Ltd. 

(Incorporated in England.) 


HENLEY HOUSE, CALCUTTA. 

HEAD OFFICE 
II* H o lT> b r n Viaduct, 
LONDON E.C-1. 


HENLEY HOUSE, BOMBAY, 

WORKS: 

North Woolwich and Gravesend. ' 
ENGLAND. 




AGENTS I 


MADRAS; Crompton Eimineerin* Co. 
(Madras). Ltd. 

BURMA: Chat. R. Cowle fir Co.. 
RANGOON 




AN 


SIND AND BALUCHISTAN s 
The General EUctncTmdina Co., 

CEYLON t BroWn fi? Co., Ltd.. 
COLOMBO. No. 2. ! 
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All roofs should be protected by Ruberoid 
Roofing. Ruberoid is a flexible bituminous 
roofing manufactured to a high standard of 
quality. Every roll is guaranteed. Ruberoid 
can be used on flat, pitched or curved roofs of 
wood or concrete, and is impervious to extreme 
heat, fumes of acids, or sea air. Ruberoid 
makes an excellent roof covering for Railway 
Carriages and Engine Sheds as it is unaffected 
by sparks. 

FOR EVERY TYPE AND SIZE OF 
BUILDING, THERE IS A GRADE OF 

RUBEROID 

ROOFING 


Write for samples and 
. full particulars to 

PLUMMER BROS. & Co., 
Plummer House, 

5 & 6, Fancy Lane. 
P. O. Box No. 2175, 
CALCUTTA. 





The Kidder pore Bridge, built by Burn Co., Ltd., Howrah . 


WE CAN CONSTRUCT BRIDGES 

of any design, weight, or size, and undertake struc- 
tural and mechanical work of every description. 
We, Specialise in 

RAILWAY AND ROAD BRIDGES 

Our Workshop and plant are admittedly the largest 
Engineering Establishment in the East, and are 
officially recognised as being capable of building 
girder bridges up to 300 feet clear span. 

: L Send us your enquiries, . : H 

BURN & Co.* Ltd. 

HOWRAH IRONWORKS, HOWRAH. 








